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ABSTRACT 


There were two major aspects to this investigation. 
The first was to study a group of young males with docum- 
ented premature coronary artery disease for abnormalities 
of serum lipids, lipoproteins and carbohydrate-inducibility 
of endogenous hypertriglyceridemia. To rapidly reveal this 
latter phenomenon, these individuals were challenged with 
a seven day high carbohydrate diet. Twenty-one patients 
under 50 years of age were selected and following assess- 
ment of serum lipids, lipoproteins (by paper and agarose- 
gel electrophoresis), and glucose tolerance, these indiv- 
iduals were placed on an 85% high carbohydrate diet for 
seven days. Serum lipids and lipoproteins were repeated 
during and at the completion of the diet. Nine healthy 
males under 30 years of age were studied in a similar 
Manner. Young controls were chosen to reduce the possib- 
ility of the presence of latent lipid or carbohydrate 
abnormalities or asymptomatic vascular disease. 

The patient group showed significantly higher serum 
triglycerides than the control group before, and at the 
completion of, the dietary study (p<0.01). Also of int- 
erest was the observation that almost 50% of the patients 
had a lipoprotein abnormality of some type even before the 


dietary challenge. A large proportion of the patients 
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(66%) demonstrated the phenomenon of carbohydrate-induc- 
ibility. It was concluded, therefore, that a large number 
of young patients with coronary artery disease convert 
dietary carbohydrate into triglycerides to an abnormal 
degree, and that the seven day period of high carbohydrate 
feeding was sufficient to demonstrate this abnormality. 

The second purpose of this investigation was to study 
the effect of clofibrate on serum lipids and lipoproteins 
of normal males and to evaluate its effect, if any, on 
serum insulin, glucose tolerance and serum free fatty acids. 
The investigation was conducted in two parts. First, nine 
healthy males between 29 - 49 years of age were selected. 
Following baseline lipid studies, assessment of plasma 
glucose and serum insulin responses to oral glucose admin- 
istration were performed. Clofibrate was then administered 
in therapeutic doses for 30 days. At the conclusion of the 
30 day period, the tests were repeated. Secondly, eight 
healthy males were studied in a manner similar to that 
outlined above, except that glucose was administered intra- 
venously at a constant rate. In addition, serum free fatty 
acids were also assessed. These subjects were then placed 
on cClofibcate for a period of l4%days and the Ceste re- 


peated. 
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From these studies, it was concluded that clofibrate 
lowers serum triglycerides in normal males to a significant 
degree (p¢0.05). No effect was noted on serum insulin, 
glucose tolerance or serum free fatty acids. 

Lastly, it was obvious from these investigations that 
agarose-gel electrophoresis is able to reveal subtle 
changes in pre-beta lipoproteins that would go unnoticed 
by paper electrophoresis. Thus, it is the method of choice 
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INTRODUCTION 


Coronary artery Cisease and atherosclerosis in young 
adults are accounting for an increasing morbidity and mort— 
ality in economically well-developed countries. A number 
of studies have been devoted to identifying factors which 
may aid in distinguishing susceptible members of the pop- 
ulation, and have revealed the following: 

i. “Unere appear to De a number of “risk factors”. 

25 Combinations Of these “risk factors” rather than 

any single factor provide the best prediction of 
susceptibility. 

3. These "risk factors" are present long before the 

disease becomes clinically manifest. 

Although the etiology of atherosclerosis and coronary 
artery disease remains unclear, most of the commonly accepted 
theories, although multifactorial, implicate serum lipids 
to a greater or lesser degree. Indeed, ee ae who first 
used the term atherosclerosis, suggested that the lipids 
contained in the plaques so characteristic of the disease, 
were derived from the blood by a process of filtration. 

Considerable evidence has been accumulated relating 
nutrition to atherosclerosis; presumably through its influence 
on the level of circulating lipids. The relationship of 


dietary factors and serum Lipids to the subsequent develop- 
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ment of the disease has been investigated through animal 
experiments, clinical observations and international epid- 
emiological studies. Most of this’ work indicates that the 
populations in economically well-developed countries consume 
diets which promote over-nutrition, and which are high in 
HObaALICaLOrIes, Golry tats, total fat, soturated fat, chol— 
esterol and refined carbohydrates. People in these countries 
tend to have higher serum lipids and demonstrate a higher 
incidence of atherosclerosis both clinically and patholog- 
ically. In contrast, people from less economically well- 
developed areas consume diets which are low in total calories 
with few foods of animal origin and less total fat, saturated 
fat, cholesterol and refined sugars. Serum lipid levels 

tend to be lower and remain so throughout life. Coronary 
atherosclerosis, both clinical and pathological, is a rare 
occurrence. 

Carbohydrates and fats, which together contribute 85% 
of total caloric intake, have attracted the greatest atten- 
Gion as Major factors anfluencing blood Lipids. Opinions 
regarding the etiology of atherosclerosis in recent years, 
have swung away from a mechanistic explanation which 
suggested that ingested cholesterol and fats are the principle 
factors in the process to one which accepts a basic systemic 


metabolic abnormality. Increasing evidence suggests that 
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an important and perhaps basic defect lies in the area of 
carbohydrate metabolism. Many observations have shown 

that patients with the carbohydrate-inducible form of 
hyperglyceridemia have defective release or utilization of 
insulin. These findings more closely unite the long known 
association between diabetes and coronary artery disease. 
Elevated serum lipids and abnormalities of carbohydrate 
metabolism are considered to be important metabolic indicat- 
ors of susceptibility to atherosclerosis. 

Because of the multiplicity of metabolic factors in- 
volved in the process, it is evident that measurement of 
serum cholesterol is not sufficient in the investigation 
of patients with atherosclerosis. Today, this must include 
determinations of serum triglycerides, serum lipoproteins, 
and some assessment of carbohydrate metabolism. 

The qualitative evaluation of serum lipoproteins by 
electrophoresis in patients with coronary artery disease 
is carried out through the use of several techniques includ- 
ing paper, starch block, cellulose acetate, and more recent-— 
ly agarose gel. The latter technique, in particular, shows 
increasing promise particularly in the evaluation of changes 
in pre-beta lipoproteins (very low density lipoproteins, 


VLDL) . 
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The search for a pharmacologic agent which is safe, 


specific and effective for an indefinite period in lower- 
ing serum lipids has been intensified. It is highly un- 
likely, however, that any type of drug therapy can ever 
take the place of dietary modifications in the general 
population. Clofibrate (p-chlorophenoxyisobutyrate) has 
been shown to be effective in lowering serum triglycerides 
and cholesterol in clinical trials. Its effects are more 
consistent in relation to the former, which is the fraction 
elevated in the carbohydrate-inducible forms of hyperlipid- 
emia. 

There is growing evidence of a causal relationship 
between carbohydrate inducibility of triglycerides and 
premature atherosclerosis. Thus, it was decided to invest- 
igate a group of subjects with premature vascular disease 
for abnormalities in serum lipoproteins (particularly the 
VLDL), carbohydrate intolerance and carbohydrate inducibil- 
ity by dietary challenge during a period of carbohydrate 
feeding. Formerly, this required long-term metabolic 
studies (weeks or months) to establish steady-state conditions. 
As this is not possible in an active treatment hospital, 
such a challenge was modified to consist of a seven day 


period. It was hoped that this would be sufficient to 


lease nti ln es 
TeWes ne Mati « nS” a BVEdS x: 
ri @irieke St ST Pig eis 2s natn ei ss i 
3972. 0ES Ugaduls aia BG. Says! _ a 
Ipacnog se) ne Bhict?e5b2 i bese =e tcale eogtg 
cil (ote tys doa PyHOnelidown filo~q) Sdn sdtIOID. 
aabiessovlpiit Moise Palwewol wf sviszeiie ae ost . et 
alice eréespehas 2% Caleta teokaity ne Lovett. ticiter ie 
fezeon<> afd ob-dathw wtentes 643 od war ha tek tk snesekenos 
~GHiallisaysd Jo. aitos sidtouni E-S3 67h yBEMas etd bah) Ledavele 
sekme: 

qidtnoltelss fsevas 5 Toonnshivs priwese at szeren tl 

Bre. dohitasy ery 36 tt lidiovgar ssethwiddtes neawied | 

=J¢ AVE? oF / bahkost \pgw 45 cele -eisozeioeeysriie,ecnttamea “1 
sagselh salyscsev Strspmeve salw agoerdie 36 hom alee 
ad? "Ine fuot2sq) elcetosqudh! mixaee net #elsi.lamontte: 308 . 


~Ligitoubrae stenhelodaes (bak sprisiskaint oe : 


etaabviedras Io Dolzeq 5 niin ‘eprelisito eeies 
vi Lodadsia'maBdephot hexkipet ain — 
Staak a saeapitinl houdie te a : a a 


ry 


reveal an abnormal change in lipids. 

The shortcomings of paper electrophoresis in guali- 
tative evaluation of VLDL prompted, in addition, the use 
of agarose gel electrophoresis. Others have shown that 
this method gives excellent qualitative results in the 
evaluation of subtle changes of the VLDL fraction. Further- 
more it permits semi-quantitation of lipoprotein fractions 
by densitometric scanning. 

As noted above, clofibrate has been reported to be 
most effective in hypertriglyceridemic states. However, 
the mechanism of this effect is still unclear. Because 
of the relationship of VLDL to carbohydrate ingestion and 
insulin; Lt iwas decided Co study the effect of clofibrate 
on serum insulin levels, as well as serum lipids and lipo- 
proteins. Unlike previous studies, normal individuals 
with no overt evidence or tendency toward coronary artery 


disease were selected. 
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BACKGROUND LITERATURE 


THE RELATIONSHIP OF ELEVATED SERUM LIPIDS TO ATHEROSCLERO- 


TIC HEART DISEASE. 

The overwhelming accumulation of evidence in the study 

of atherosclerosis would indicate that the disease is 

of multifactorial etiology and no single cause can be 
designated. However, most of these studies have indic- 
ated that serum lipids play a key role in the genesis 
and perpetuation of the condition. 

Cholesterol 

The evidence relating atherosclerosis to abnormalities 

of serum lipids has been derived from three areas of 

medical research. These include experimental, clinical 
and epidemiological studies. 

i) Experimental - In the early twentieth century, 
ere demonstrated that rabbits fed animal 
tissues developed elevated serum cholesterol and 
generalized atherosclerosis. Other dietary stud- 
ies in laboratory animals have confirmed this fact 
although the analogies relating to the human being 
are not as clear-cut. The importance of these 
studies, however, lies in the observation that 
dietary factors alone can accelerate the development 


of the disease. Studies in animals, more pertinent 
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to the problem in humans, have revealed that subtle 
changes in the amounts and duration of diets cont- 
aining cholesterol and fat can produce more moderate 
hypercholesterolemia and atherosclerosis. This 
feature is highly analogous to the situation in the 
human populations in economically well-developed 
societies. 

Clinical studies - A number of disease states are 
associated with the premature development of ath- 
erosclerosis. These include diabetes mellitus, 
nephrotic syndrome, hypothyroidism, and familial 
hypercholesterolemia. All of these abnormalities 
are associated with an underlying metabolic dis- 
order with disruption of neural—-hormonal-enzyme 
systems. These findings substantiate the basis of 
the primary disease as a systemic metabolic disorder, 
with exogenous lipid as a key, but not an exclusive, 
factor. 

Epidemiologic studies — The suggestion thal elev- 
ation of serum cholesterol was related to the 
development of coronary artery disease was inferred 
from two broad areas of investigation. 


a) Studies of patients with arteriosclerotic 
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heart disease have revealed elevated levels 

of serum cholesterol as compared to “normal" 

controls. 
b) Patients with genetically determined elevations 

of serum cholesterol develop atherosclerosis 

at a very early age and to a more severe degree. 
It has been abundantly demonstrated and unequivoc-— 
ally proved in most epidemiological surveys that 
the risk of experiencing a clinical episode of 
coronary artery disease is a function, in part, 
of serum cholesterol levels. 
Kannelvet als.) studied a mixed population, of males 
between the ages of 30 and 59 years over a ten year 
period, for the development of coronary artery di- 
sease. These studies revealed that hypercholester- 
Olemia preceeded the development of the disease 
and was associated with its development. He con- 
cluded that the elevation of serum cholesterol over 
245 mg/100 ml was associated with a three-fold 
increase in the risk of development of the disease. 
In addition, the risk of sudden death was related 
to an antecedent elevation of serum cholesterol 


above normal. 
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Chapman et al. , studied 1503 patients over a ten 


year period for the development of coronary artery 
disease. Forty-four percent of the subjects stud- 
ied had cholesterol values over 300 mg/100 ml 
(normal 270 mg/100 ml). He concluded that the 
highest incidence of myocardial infarction occurred 
among those with the highest cholesterol levels. 

He related the incidence of myocardial infarction 
per 1000 population to the level of serum cholest- 


erol; 


Incidence of 
Myocardial Infarction 


Serum Cholesterol (mgm %) per 1000 population 


less than 210 mgm % Zlye 6 

210 - 269 mgm % S053 

270 - 389 mgm % Seal 

greater than 390 mgm % eae 
5 


Kevs ietitalie, studied! 28) men for fitteen years 
and considered a number of parameters. He concluded 
Ghaty the most stoniticant tactor related, to, the 


development of the disease was the serum cholesterol 
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6 
Paul et al. , studied 1989 men for a five year 


period. The most significant conclusion drawn 
was the stepwise association of the serum chol- 
esterol to the increasing incidence of coronary 
artery disease. 
gece concluded that available epidemiological 
evidence demonstrated that the incidence of coron- 
ary artery disease increased as the serum cholesterol 
increased, but that the risk applied to groups and 
not necessarily to individuals. In commenting on 
international epidemiological studies, the same 
author concluded that differences in population 
sampling and methodology created some difficulties 
in comparing these studies, but that a clear-cut 
association between coronary artery disease and 
serum cholesterol has been demonstrated, and that 
the morbidity and mortality from the disease tends 
to be related to the average serum cholesterol 
levels in the affected population. 

Doe veer ides 3 

Beginning with the work of Gofman et al. , increasing 

emphasis has been placed on the role of serum triglycer- 


ides, and more particularly, the trigl yceride-rich VLDL 
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(S_* 20 —- 400) as better indicators of risk to the 
subsequent development of coronary artery disease. 
The significance of this approach has been seriously 


) 10 
questioned’ by Brown et al: ; and Doyle 


, who found 

that triglyceride levels had no greater prognostic 
Significance in the epidemiology of atherosclerotic 
vascular disease. Much of the dissent, concerning 

the significance of triglycerides as metabolic indic- 
ators has been due to the necessity of obtaining fast- 
ing samples from large groups. In addition, until 
recently, triglyceride measurements have been cumber- 
some and time-consuming. 

Albrink and ais, ti in a study of patients with myocardial 
infarction, found that serum triglycerides above 160 mg/ 
100 ml were present in 85% of 100 patients between 20 
and 78 years of age with coronary artery disease as 
compared to only 5% of young non-affected males between 
20 and 30 years of age and in 30% of males over 50 

years of age. Serum cholesterol was abnormal in only 
18% of patients with coronary artery disease. 


Units (Svedburgs of Floatation) 
One Svedburg unit equals 10713 cm/sec/dyne/q. 
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12 
Albrink , again reaffirmed her belief that triglycer- 


ides were a better measure of susceptibility to ath— 
erosclerosis and stated that elevations of triglycer- 
ides, alone or in combination with elevations of chol- 
esterol, was the most common abnormality of lipids in 
coronary artery disease. 

te, studied 49 patients with myocardial infarc- 
tion between 33 and 65 years of age. He noted that the 
mean serum cholesterol was significantly elevated in 
the observed population, when compared to control sub- 
jects, and a significant increase in triglycerides was 
present in the two lowest age groups. He concluded 
from the study that in men under 50 years of age with 
myocardial infarction, frequent elevations of triglycer- 
ides were noted, whereas, after that age the main find- 
ing was an elevated serum cholesterol. 

Havel and as concluded that the level of serum 
triglycerides correlated more closely than cholesterol 
aS, an Indicator of atherosclerosis, particularly in 

the younger age groups although discrepencies existed 
over the age of 50. They indicated that mither measure- 
ment alone provided adequate information for the evalu- 


ation of lipid patterns, since both fractions may be 


elevated either alone or in combination. 
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CARBOHYDRATE ABNORMALITIES AND ARTERIOSCLEROTIC HEART 


DISEASE. 


The role of lipids in the production of atherosclerosis 
is now well established. Recent studies, however, have 
laid emphasis on sub-clinical abnormalities in carbo- 
hydrate arta ie ie as having physiological signific- 
ance in the genesis of coronary artery disease. 
Carbohydrate and lipid metabolism are closely related 
and the common factor to both lipid and carbohydrate 
hemostasis is the hormone insulin. 


EG 


Reaven et al. compared a group of 41 survivors of 


myocardial infarction to an age matched control group 
for abnormalities of carbohydrate metabolism and hyper- 
lipidemia. These studies demonstrated that 41% of the 
infarction group had abnormalities of oral glucose 
tolerance, whereas, only 2% of the control group showed 
such an abnormality. 

Davidson and Pe ee in studying patients with hyper- 
triglyceridemia, have reported mild impairment of 
glucose tolerance and elevated plasma insulin responses. 
seh anheen studired patients with the criteria for 


atherosclerotic heart disease and concluded that the 


proportion with elevated blood glucose levels and ab- 
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normal glucose tolerance tests was significantly 

greater than among persons of the same age and sex in 

the total population examined. 

Kane et ee in studying carbohydrate metabolism in 

14 patients with hypertriglyceridemia, found abnormal 
glucose tolerance tests in 11, and noted decreased 
sensitivity to intravenously administered insulin 

during a glucose load. Free fatty acid levels were 
elevated and did not fall as rapidly or to as low levels 
as in normal subjects. 

Ahrens et peste studied carbohydrate metabolism in 
patients with hypertriglyceridemia and suggested that 
patients with the carbohydrate-inducible forms might 

have defective secretion or utilization of insulin. He 
also commented that these individuals had responses to 
Tolbutamide resembling those seen in mild diabetes. 
Farquhar et cma studied 15 patients with hypertriglyc- 
eridemia without known diabetes mellitus. All had normal 
fasting blood sugars. In) studying the: triglyceride 
response to high carbohydrate feeding, they noted that 
all patients demonstrated increased endogenous triglycer- 


ide synthesis. The greatest degree of triglyceride 


response occurred in individuals with abnormal glucose 
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tolerance tests, and the higher accompanying rises in 
plasma insulin-like activity and immuno reactive insulin. 
They suggested that hyperglycemia in the presence of 
hyperinsulinemia resulted in hypertriglyceridemia. 
Reaven et ae studied changes in triglyceride levels, 
and immuno reactive insulin in 33 hypertriglyceridemic 
patients during high carbohydrate feeding. All patients 
showed elevations of triglycerides in response to diet-— 
ary carbohydrates. The magnitude of this response 
correlated proportionately to the degree of serum 
insulin response. It was postulated that increased 
insulin response in these patients was related to periph- 
eral impairment of insulin and glucose uptake. As a 
response to peripheral insulin resistance, hyperinsulin- 
emia would then develop and, in the presence of hyper- 
glycemia, lead to an increase in the synthesis of end- 
ogenous triglycerides in the liver. Studies using 
liver slices from normal rats perfused with glucose 
following pre-treatment with insulin have shown that 
increased levels of insulin and glucose lead to in- 
creased lipogenesis in the eet 
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Falsetti et al. , studied 27 patients with premature 


atherosclerotic heart disease for abnormalities of 
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carbohydrate and lipid metabolism. Eleven of 27 patients 
had abnormal glucose tolerance tests and 7 of the rem-— 
aining 16 had abnormal cortisone glucose tolerance 
Lesecs, 

seventeen of 27 had one or more abnormalities in serum 
lipids. They concluded that lipid abnormalities may be 
secondary to the decrease in glucose tolerance, as 
mediated by decreased removal or increased synthesis of 
lipid, or that the decrease in carbohydrate tolerance 
could be secondary to insulin resistance as a response 
to abnormal serum lipids. Tzagornis et eee studied 
abnormalities of serum lipid levels, glucose tolerance 
and immuno reactive insulin concentrations. Abnormal- 
ities in one or more of these factors were demonstrated 
in 90% of these patients. Thirty had abnormally elev- 
ated serum lipids. They demonstrated that a significant 
degree of correlation exists between serum insulin and 
triglyceride levels. Treatment with Phenformin reduced 
triglyceride levels toward normal. 

They concluded that carbohydrate and insulin abnormal- 
ities were frequent in young patients with coronary 
artery disease, and that hyperinsulinemia, in the 
presence of elevated glucose levels, gives rise to 


exaggerated production of triglycerides by the liver. 
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They also concluded that states in which an absolute 
or relative insulin deficiency exist may result in 
exaggerated free Tatty acid mobilization in adipose 
tissue over and above the capacity of the liver to 
oxidize them with increased conversion to VLDL. Stud- 
ies in vitro have demonstrated that exposure of arter- 
ial tissue to elevated levels of insulin, not only 
stimulates lipid synthesis, but also inhibits lipolytic 
ye ae Both of these factors would encourage the 
deposition of lipids in the intimal regions. ae ee 
has shown that intravenous injection of rats with 
insulin and (oe substrate containing either 
glucose or acetate lead to a much greater incorporation 
of these substances into the aortic lipids than when 
the substrate alone was injected. He postulated that 
since insulin is known to inhibit tissue lipase in 
arterial tissue, excess of circulating insulin could 
cause accumulation of fat in the arterial wall by both 
increasing its deposition and inhibiting its removal. 
He suggested that insulin thus plays a major role in 
the pathogenesis of atherosclerosis. 

CARBOHYDRATE INDUCTION STUDIES 


The importance of dietary carbohydrate in the development 


of atherosclerosis has been alluded to above. Because of 


eduifoede aa nerdw nk easoce Jeno bepnloney 4 i 
nd divas ver Sours yonstolssb. pkspesih vk 

Geviqhhie ni feitestiigas fick go3e3 

aid svods bois tevo8 


eo=s 


oF aewmkt aga 20 Pioncde= 


abut ydhiv ob meters peenexnnk diiw mete oxiBing 
betesctuvomal eved opty ak ant 


~Sa2%6. 20 s1ueogte Ieait 
ying ton fit Iuent Io .0 foveal betavels od sHeakd tet 
situiget cale Sut witeaitive beget sale 
udt Bou sHoone talLeow 2 odne?. saarls to dze8 .« 8 ye twtem 
ee jo. 3ane ae remt4ak end: mb ebiguk a0 norHimdge® 
443y eds 20 Aotioethioeyonsvetiat ted ied esd 
Bite polite Inow ot¢srindue beliedeL-F fs Bris. mb toenk 
notaszdécaeurk tetas dopit/s <2 De st steveis me oaconle. 
hare peated thberiooidaop ads ost poten semis 20 } 
sarid @Ginluteang $8!) .bsdsefat sw snot getiedue edt _ 
ae segeil sueedt dicktak a nyword ek anisenk sonke i 
bivos paiinent paktalyotio Sy eaeeKes .unetd ekxedig | 
od ya Lier fetisdievedd ni aed bid ee eens 


Ss eral ati acta nets pi oe 


ot iviorl'L 


yids 


the emphasis being placed upon the carbohydrate-inducible 
forms of hypertriglyceridemia and its association with 

a predisposition to the early development of coronary 
artery disease, methods of evaluating patients with the 
disorder are necessary. 

Py ooo, Hatch et a described increases of triglycer- 
ides and of ee lipoproteins in a study of hyper- 
tensives on a high carbohydrate, low fat, rice diet. 
Since then, these results have been confirmed. Ahrens 

et see used formula feeding to differentiate the 
carbohydrate-inducible hypertriglyceridemia from the 
fat-induced form. 

Characteristic plasma lipid pattern of the carbohydrate- 
inducible forms of hyperglyceridemia tend to show mild 
elevations of serum cholesterol with a predominant 
increase in the serum triglyceride levels. Lipoprotein 
electrophoresis on paper and agarose gel reveals a 
marked elevation in the pre-beta fraction. Similarly, 
analytical ultracentrifugation studies reveal increases 
in the Sree 7 0lb fractions. This’ ancrease: leads co 
the development of opalescence or turbidity of the 


plasma. Common features, in addition to the lipid 


changes stated above, consist of normal to elevated 
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fasting blood sugars, abnormalities in both the glucose 
tolerance and serum insulin levels after glucose admin- 
istration: “In spite of these abnormalities, the major= 
ity of these patients do not demonstrate clinical 
manifestations of diabetes mellitus. 

el has demonstrated that high carbohydrate feeding 
in the form of sucrose can greatly exaggerate the 
degree of hyperglyceridemia in individuals with this 
abnormality, but that a very high (85 - 90%) carbohydrate 
diet is necessary to induce hypertriglyceridemia in 
normal individuals. 


oj 


MacDonald studied seven subjects on diets containing 


500 gm of sucrose or raw maize starch for 25 days each 
and noted that on the former, serum triglyceride levels 
rose markedly, while on the latter they returned to 
normal or sub-normal values. 

Fredrickson and Mosk studied the effects of high 
carbohydrate feeding on normal males and females in an 
attempt to evaluate normal responses and amount of 
carbohydrate necessary to produce hypertriglyceridemia. 
Tn 12 of the 13 subjects, high carbohydrate feeding 
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mg/100 m1) from starting levels of 22 to 117 mg/100 ml 
(mean 62 mg/100 ml). Plasma turbidity, due to increased 
pre-beta lipoprotein, appeared within two to three days 
and usually reached a peak at 3 to 7 days. These auth- 
ors concluded that about 7 gm/kg body weight of carbo- 
hydrate per day was necessary to elevate plasma triglyc- 
eride levels above 200 mg/100 ml. They judged the 
hyperlipemic response to high carbohydrate feeding to 

be abnormal only if plasma triglyceride was increased 
by more than 400 mg/100 ml over the baseline value, on 

a diet that contained 7 gm of carbohydrate/kg/day. 
Blankenhorn and te studied 15 young patients with 
known or suspected coronary artery disease. Ten of 
these were proved to have coronary artery disease 
angiographically. Of these 10, five were shown to have 
the carbohydrate-inducible form of hypertriglyceridemia. 
High carbohydrate feeding, in the amount of 7 gm/kg/day 
was administered for seven days to these ten patients; 
those with the Type IV abnormality showed rapid increases 
in triglyceride values in two to three days. In compar- 
ison, the remaining five patients without this type of 
abnormality showed no change or a slight fall in serum 


triglycerides. 
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THE PLASMA LIPOPROTEINS 
They earkiest concept of ‘al lipid-protein relationship 


34 35 
in blood was proposed by Nerking . Macheboeuf 


immo Oo succeededain tsolating the firstelipopretein 
Eraction Of constant composition from horse serum, 
Gofman et Nias in 1949, proposed a method for the 
estimation of low density lipoproteins in the ultracent- 
rifuge by using a medium sufficiently high in density 
that the lipoproteins would float forming optically 
discernible peaks which could be converted to units of 
eoncentration. For characterization, the floatation 
rates of various lipoprotein fractions were measured 
under standard conditions in a medium of density 1.063 
gms/ml. The floatation rates were expressed in oF Une 
which are equivalent to negative Svedberg units of sed- 
imentation. Protein concentrations decreased with 
Picreaslaguees.atyes: 
S 37 

Lewis, Green and Page , identified high density lipo- 


proteins by ultracentrifugation in a medium of density 


1.21 gms/ml and presented the first correlation between 


ultracentrifugal and electrophoretic lipoprotein fractions. 


Gofmans techniques of analytical ultracentrifugation 


werecmoandssttllmare the primary) standard fore ipoprotein 
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analysis. Recent modifications and simplification of 
other analytical methods have allowed more practical 
methods of study. Techniques of protein chemistry and 
immunology have added the potential for recognition 
and quantitation of protein moieties to lipoprotein 
Study. 

The methods of lipoprotein analysis which lend them- 
selves to practicability include zone electrophoresis 
(on paper and agarose), double diffusion immunological 
methods, immuno-electrophoresis, and combinations of 
preparative ultracentrifugation. 

The major plasma lipids are cholesterol esters, phos- 
pholipids, triglycerides, free cholesterol and free 
fatty acids. Since none of these lipids possess 
SutLEiIcien. polarity to Circulate Ereely in solution, 
the lipid fractions combine with protein in complex 
macromolecules which have been classified according 

to size, density and electrophoretic mobility. The 
VaertebtlLey (Of ratios Of protein ahd [Lipid to each 
other result in the variations in physical and chemical 
properties which form the basis for their study. 

Two types of proteins are consistent isolated from 


plasiia: lipoproteins. In the itpid free state, these 


~} ven 23S Bent Srey sk ode Le 
[ti eri - Heise [ES i vledea abit 


: ae yids 3 foLoinver wbpt= 30 aborts is 
Bai SSR iene RAP ete; tS —i% 
‘ “ 


o> 7 al Be (l shhE. Sven yeoton 


+ Ro metseiifnerp Be 


aks c et taf eR ' 
“bute 
m ’ ' , iv 7 i te c i iz3 f vaG) ef On Tl att 
_ 
oJ c Ol Etidestiassg Ges wolee 
ry 4 : - 
| zo 
fact Tinie e Celetcd fopovepe Os. ISGae ao) 
485‘ ; od = ; , : 
. r ope ‘ ~—e - ex > 
To she f fits ‘reeyoecdo ltenels-onumr \=sooik 
i Pf] te a Pe he es eS 
we Ori f = PE fror ot ~ & f Cc 
Ps Osim BE yt ii 3.2 
at t Sexe  ¢ ne : 
a= 
+ a 2 » ¢ 
,Roestu ion 112 fee ‘ ye og 
tefoiiSe ‘al. itietorg iv nitinos ang«toe 
sibsosss heltitase fo rised oven - iis tdw asia 
* . - * . - ap 7 
en? wy0s Circo exvdsacrigoviostle fins _yoianeb s28L8 
: ~e¢qiape- ca Binil-tine nisierq ro eetdsex Yo yer 


ieoimeic bot fepiavic, of 20 t6a0K7 ens rk —— 


ae aLeds 10> siecd ee arse d 


sn ets! Ra Prete ees: a anise 
-_ - 


neg Soa 


are called apoproteins. They differ in amino acid 
content, terminal residues, and immuno - chemical 
béhavior. Normally, the A protein is the only protein 
found in the alpha lipoprotein (HDL), and the B protein 
in the beta lipoprotein (LDL). Both proteins have been 
isolated in the VLDL and chylomicrons. 

The A protein, when obtained after delipidation, appears 
to have “a molecular weight of 23,000 to 36,000. Tt is 
believed that the A protein in native alpha lipoprotein 
represents a polymer of two to six sub-units. The A 
protein reacts with antisera against alpha lipoproteins. 
Estimates of the molecular weight of the alpha lipo- 
protein vary from 165,000 te 400,000. Light scattering 
techniques have indicated that the lipoprotein appears 
to be a prolate ellipsoid about 300 x 500 Angstroms?®. 
The B protein is more difficult to isolate. Estimates 
have indicated that its molecular weight varies between 
250,000 and 380,000. The molecular weight of the beta 
lipoprotein has been estimated to be anywhere from 

ete See ee oo? Light scattering studies indicate 
that the usual complex is dyssymetric and is in the form 
Of @ prolate ecliipecoid of about 150 x 350 Angstroms: ~ 


Tie fivermain) e@lasses of Lipoproteins which are isolated 


bina | tie: vicsettitaved? <em atosgods bral cael 
fi. tat "oi oat Le 
fat a 7 


. - 7 o 7 
: A wn oe T Denryou coveted. 
* 


te» dotocisti => CrLAg er bef Pouhiras 


‘ce ) io ott ef@te sre nes Aa 


| , 7 bof ii \ r rogit ese! aes 
Avec mt S| i Hi . 
* — _ 
(ic mivOoLyviit : Jgiv 4 rs tte 5 ef LORL 
: a i ' - : ‘ : 
Ts) egy oreo A ay 
7 =e 4 ef ie) oo 7) r 


efucatom © SVB @ 


ae _ 
viged mk tisoe%e end sen bavetfed 


lo de rc : z i i 
: : - far st poet wy 
f= . i xt 31 100 & = hi eI0SF : 7 
. s ; P 


ir «ar 7 fii inuefotatt ta jes poe 
* =? (= ae. P { i i ei FI! "1" G f ics a JB Y TLOFORG 


ann ts sncogit wilt 74 Leipothnt saved ssupedioad 
a _ y a | T = 
7 


aaa 


Seana. 0%: CGE Ailo iced Ile. soaleoiy 6 sd oF 
isa edefesk of Jfupitib sxem os piatoxg @ ont 
npewied esiucv. Jdptew telueotow 2415 3580 Deve otfnk.2 ll 
aod. e779 to = “ne a) =e fre & Ten eit! noo CRE vrs LOG PS. 

- . .* — a2 <_ 
nose saortwynn sd oc hespuitee esd net AaSONGOGEL 


=f ater pol bite pokyeds ie aoe a 


; 7 Ghlon. eb 


trfozr eda nr af tate a Jem eran 


oO2tanuA 02t = Oot 


fade fori ots Hokriv - emgo0Lit Peper ic. 
= > ae _ aay 


oy 


ohethe Olacta, are chytomrerons, high density lipoproteins, 

low density lipoproteins, very low density proteins, 

and free fatty acids complexed with albumen; 

i) Free fatty acids - albumen (FFA) 
The unesterified FFA of plasma form a complex with 
albumen by non-covalent forces. In man, FFA metab- 
olsim provides about 50% of the energy requirements 
of the human being. These complexes are rapidly 
transported through plasma and have a half life of 
less than five minutes. This fraction, although 
part of the Lipoprotein spectra, cannot be ident- 
ified by the usual lipoprotein methods and must be 
measured by chemical or titrimetric methods. 

ii) Alpha-Lipoproteins (HDL) 
The high density lipoproteins (density 1.063 - 1.21 
gms/ml) have been divided into three sub-fractions 
according to their behavior in the ultracentrifuge. 
They consist of approximately 50% protein, 30% 
phospholipid and smaller amounts of cholesterol, 
cholesterol esters and triglyceride. Tangier dis- 
ease, an inherited deficiency of HDL, is associated 
with a low serum cholesterol and deposition of 


cholestero. eaters in tissue. 
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Beta-Lipoproteins (LDL) 


Theplowsdensity lvpeproteins ‘carry the great major— 
ity of lipids in the human plasma. About 50% by 
weight of LDL is cholesterol and its esters, while 
about 22% is protein: The fraction is isolated 

by preparative ultracentrifugation between densities 
om [O0GRand =i UPOoms/m!, and has an S- value 
ranging between S¢ 0 - 20. A-beta lipoproteinemia, 

a congential absence of LDL, produces a syndrome 

of intestinal malabsorption and steatorrhea, neur- 
ological disorders, retardation and retinitis 
pigmentosa. Red blood cells show characteristic 
crenation which has been described as acanthocytosis. 
Serum triglycerides are very low, as is serum cho- 
lesterol. Levels of beta apoprotein have been 

shown to be normal, and the defect in the disease 
may be the inability to combine lipid with B protein. 
Elevated low density lipoproteins is the primary 
serum lipid abnormality seen in familial hyperchol- 
esterolemia. Environmental factors also affect low 
density lipoproteins, and this fraction is also 


modified by dietary cholesterol and fat intake. 
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VLDL (pre-beta) 

The principle lipid present in this fraction is 
triglyceride which, when present in large amounts, 
increases the particle size and decreases the dens- 
Ley (Of therlipoprovein, fraction. | in the uleracent— 
rifuge, this fraction is found between S¢ 20 and 400, 
and may be isolated by adjusting the density to 
17006 gme/mly = les principle function is) transter 

of triglyceride from liver to peripheral tissues. 
Increased levels may occur from increased biosyn- 
thesis in the liver or from impaired peripheral re- 
moval. Increased synthesis, in turn, may result from 
increased intake of fat, increased free fatty acid 
flux from adipose tissue, or diversion of intermed- 
ilary compounds of carbohydrate metabolism. Impaired 
removal may result from defects in enzyme clearing 
mechanisms or structural defects in the lipoprotein. 
Increased levels of the fraction is associated with 
premature atherosclerosis. 

Chylomicrons 

The term chylomicron, originally defined partieles 
present in plasma after the ingestion of a fatty 


meal. These particles are visible to light micr- 
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OSscopy and consist of a fat emulsion stabilized 
by a membrane of protein, free cholesterol and 
phospholipids. The interior is’ primarily composed 
of triglycerides with small amounts of free and 
esterified cholesterol. Defective chylomicron 
removal occurs in hereditary disorders involving 
d6écreased) activity of Lipoprotein lipase. 
LIPOPROTEIN ABNORMALITIES (HYPERLIPOPROTEINEMIAS ) 
In 1967, Fredrickson et a 7 using an improved meth- 
od of lipoprotein electrophoresis developed by Lees 
and Hatch*t, described a system for phenotyping hyper- 
lipoproteinemia. This system consisted of five major 
lipoprotein patterns, which were defined by paper elec- 
trophoresis. 
Paper electrophoresis allows visualization of the kinds 
and amount of the soluble alpha and beta lipoproteins 
and separation of the glyceride-rich lipoproteins 
according to their sites of origin. Exogenous or diet- 
ary glyceride remains at the origin, whereas, endogenous 
glyceride forms a pre-beta band with an occasional 
trail of larger endogenous particles toward the origin. 
In normal subjects, the alpha and beta fractions are 


always visible while pre-beta lipoproteins become 
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detectable at concentrations of about 100 mg/100 m1. 
These five abnormalities have been associated with 
disease states such as nephrosis, myxedema, diabetes 
mellitus, pancreatitis, alcoholism, obstructive liver 
disease and dysproteinemias. 


42 
These phenotypes are demonstrated in figure 1] . 


ype. 

This exogenous lipemia is characterized by the presence 
of chylomicrons in the plasma 14 to 16 hours after the 
last meal of a normal diet. Fasting plasma samples 

are creamy, the cholesterol is elevated and the triglyc- 
eride concentrations usually exceed 1000 mg/100 ml. 
This rare type is believed to be inherited as a simple 
recessive trait. It is thought to be caused by a 
deficiency in post-heparin lipolytic activity (PHLA) 

as a result of deficiency in a serum enzyme lipoprotein 
lipase. Patients usually develop symptoms in early 
childhood and frequently show eruptive xanthomata, 
hepatosplenomegaly, lipemia retinalis, abdominal pain, 
and occasionally pancreatitis. A diagnosis requires 
the demonstration of fat intolerance and measurement 

Of PHLA. Treatment consists»ot a fat restricted diet 


in which the total daily fat intake does not exceed 
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igure ee Tiesiyper | tpoproteinemias, (Typeset s—av) 
by Papers Electrophoresis 
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This syndrome is characterized by an increased plasma 
CONnCENERAELOnNIOL betallapeproteins. It 1s associated 
with severe and premature atheromatosis. Because of 
the solubility of the beta lipoprotein in plasma, 
patients present with marked hypercholesterolemia and 
clear plasma. It may arise from dietary excesses in 
cholesterol and saturated fat, while the familial form 
appears to be transmitted as a Mendelian dominant. 
Tendonous and tuberous xanthomata develop at an early 
age. 

Treatment consists of a low cholesterol diet, the use 
of polyunsaturated fats, and in resistent cases, drug 
therapy. Cholestyramine is the agent of choice while 
moderate success has been achieved with the use of 
Atromid-S (clofibrate). 

type sirt 

iyieeype §lLLL, shyperlipoproteinemia, the beta fipoproteins 
are abnormally laden with glyceride. This lipid-laden 
beta lipoprotein is abnormal in composition and density. 
Confirmation of the disorder, also known as "Broad 


Beta Disease" requires the use of the preparative 
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ultracentrifuge. After ultracentrifugation of serum 
for -24.nours “at a density of 1.006, the VLDL contein 
abnormal beta lipoproteins carrying a high content of 
glyceride. This is associated with an elevated chol- 
esterol and triglyceride. Plasma may be clear or turbid 
depending on the concentration of the abnormal fraction. 
AY almost specitic clinical finding, in addition to 
xanthomatosis, is the presence of palmar xanthomata. 
Atherosclerosis is a common finding at an early age. 
About 40% have abnormal glucose tolerance tests, and 
many are sensitive to excess fat in the diet suggesting 
defects in exogenous and endogenous glyceride handling. 
Treatment includes restriction of fat in a manner 
similar to the Type II abnormality. Atromid-S has 
shown to be an effective agent in the management of 
thasPecondi tion. 

type iV 

The type IV hyperlipoproteinemia is perhaps the most 
common abnormality of lipoproteins in the American 
population. There is an increased concentration of 

the pre-beta fraction, reflecting an imbalance between 
synthesis and clearance of endogenous glycerides. 


Triglyceride values are increased but the serum chol- 
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esterol is normal or slightly elevated. On paper 
electrophoresis, the predominant fraction is the pre- 
betasband, and. mat,high, levels of triglyceride, this 
band tends to smear back toward the origin. The plasma 
Way bey clear, cloudy, or tuxbid depending on the level 
of triglycerides. Clinically, the patients present 
with premature atherosclerosis and with high triglyc- 
eride levels, xanthomatosis, lipemia retinalis, and 
hepatosplenomegaly. About 70 - 80% of these patients 
have mild to moderate abnormalities of glucose toler- 
ance and about 60 - 70% respond with marked increases 
in triglyceride values with high carbohydrate feeding. 
Treatment consists of the maintenance of ideal weight, 
reduction of dietary carbohydrates to 150 gms/day, the 
use of unsaturated fats. Atromid-S has also been 
successful in lowering the elevated serum triglycerides. 
Type V 

The Type V hyperlipidemia is associated with the pres- 
ence of both exogenous and endogenous glycerides in the 
plasma, with increased levels of serum cholesterol. 
Serum triglyceride values usually exceed 1,000 mg/100 ml, 
and the plasma is usually turbid or creamy. 


Paper electrophoresis reveals the presence of chylomicrons 
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and increased pre-beta lipoproteins. The inherited 

form 18 rare, and the condition occurs more commonly 
secondary to nephrosis, diabetes mellitus, pancreatitis, 
glycogen storage disease and other acute metabolic 
processes. 

Eruptive xanthomatas are common, as is lipemia retinalis 
and hepatosplenomegaly. Glucose intolerance is a 

common finding. PHLA is usually normal or only slightly 
reduced. 

Treatment consists of a high protein diet with fat and 
carbohydrate restriction. Atromid-S has proven to be 


of considerable therapeutic value. 


METHODS USED IN LIPOPROTEIN SEPARATION 


The recognition of the importance of lipoproteins in 
the pathogenesis of many diseases including atheroscler- 
osis has lead to the development of better quantitative 
and qualitative methods for elucidating the various 
fractions. These include electrophoresis, ultracentrif- 
ugation studies and immuno chemical techniques. 
a) Electrophoresis 
The development of electrophoretic techniques on 
fixed media has lead to the abandonment of lipo- 


protein studies employing free or moving boundary 
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electrophoresis. Today, these latter methods are 


of historical interest only. 


Two of the major problems encountered in zonal 


electrophoresis are electroendosmotic buffer flow 


which proceeds in the opposite direction to lipo- 


protein migration and the steric and other inter- 


actions of lipoproteins with the electrophoretic 


media. 


i) 


ids) 


Starch block electrophoresis - Starch block 
electrophoresis has been used extensively by 
ietaee ms for the study of lipoproteins in 
abnormal metabolic states. 
Pepee = The earliest appl ications OL paper 
electrophoresis to lipoprotein qualitation were 
Garnied out by bree Ae “A Improvements to these 
techniques were made by Ses im, O57) wilt 
the addition of lipoprotein-poor serum to the 
buffer. However, the pre-beta fraction still 
showed considerable smearing over the beta 
frace Lon . 

Al 
Lees and Hatch (1963) , achieved good separ- 


ation of the beta and pre-beta fractions with 


the addition of albumen to the buffer system. 
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46 
iii) Cellulose acetate - Chin and Blankenhorn 


described a method of electrophoresis on 
cellulose acetate without the addition of 
albumen to the buffer. They demonstrated 
excellent resolution sor. all four lipoprotein 
classes. This method also afforded semi- 
quantitative evaluation of lipoprotein fractions 
by transmission microdensitometry. 

iv) SAgarose gel, — The striking feature of this 
method is the greater resolution of the VLDL 
from the beta pe egene 
Irwin and Pa ee described a method of 
agarose-gel electrophoresis which gives excel- 
lent resolution of all lipoprotein fractions, 
is reproducible and lends itself well to 
densitometric scanning. 

Ultracentrifugation 

The most complete and satisfactory method of quant- 
itetive evaltation of lipoprotein fractions, 1s ob— 
tained by use of the analytical ultracentrifuge. 
This technique can be used to draw a continuous 


plot Of concehtrations of lipoproteins in floata-— 
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This technique has been well described by Ewing 

et oe 

The major drawback to this method is the cost of 

the apparatus and the inability of processing 

large numbers of samples quickly. 

Fredrickson, Levy and ae compared the 
interconvertibility of lipoprotein analyses 

obtained from electrophoretic techniques and analyt- 
ical ultracentrifugation studies performed on pooled 
samples of hyperlipoproteinemias and lipoprotein 
deficiency states. A high degree of correlation 
existed between electrophoretic patterns and those 
obtained from the more quantitative ultracentrifugal 
studies. From these studies, the authors concluded 
that paper electrophoresis of lipoproteins is a 
useful, simple and rapid method for screening 
disorders of lipoprotein metabolism. 

Immuno-Chemical Techniques 

Immunological techniques have successfully been 
applied to the study of the structure and function 
of lipoproteins. They are extremely useful in the 


diagnosis of lipoprotein deficiency states. The 


two methods most commonly used are immuno-electrophor- 
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esis and gel diffusion techniques. 
Quantitation of lipoproteins by immunological means 


50) 
has been described by several authors 


CLOFIBRATE (p-CHLOROPHENOXYISOBUT YRATE) 


The implication of plasma lipids as a primary or cont- 
ributing factor in the pathogenesis of atherosclerosis 
has led to an intensive search for pharmacologic agents 
which will safely control the concentrations of lipids 
in the blood and tissues. Barbee has laid down 
several criteria for safe, effective agents which 
lower serum lipids. 

i) They should have a sustained and consistent effect. 

ii) There should be no toxicity or side effects. 
iii) They should be easily administered. 
iv) Other serum lipids should be reduced. 

v) No accumulation of cholesterol, its precursors or 
its metabolites should occur in the plasma, reticulo- 
endothelial system, arteries or other tissues. 

vi) The mode of action should be known. 

A substance which best satisfies the above criteria is 

ethyl-&-para-Chlorophenoxyisobutyrate (CPIB, Atromid-Ss, 

clofibrate). 


52 
In 1962, Thorpe and Waring , studied a number of aryl- 
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oxyisobutyric acids in rats for their effect in lowering 
serum Dipids. They found that, the most. suitable agent 
was para-chlorophenoxyisobutyric acid and its ethyl 
esters | “Initralliy, tthey shought ‘that clofibrate augmented 
a rhythmic endogenous hypocholesterolemic mechanism and 
suspected that androsterone might be the agent respons- 
ible. ena and eee demonstrated that a 
combination of clofibrate and androsterone, when admin- 
istered orally, had a hypercholesterolemic and hypo- 
triglyceridemic effect in man. 

In early studies, a eee reported that clofibrate 
alone did not affect serum lipids. eta later 
demonstrated that clofibrate alone possessed all the 
properties ascribed to the combination of clofibrate 
and androsterone. 

Chemistry 

Its empirical formula is C) 5H, 503C1- The molecular 
weight of clofibrate is 242.7 and its boiling point 
appears to be between 158 and 160 degrees Centigrade 

et 250m .e0 lt as istable,) colorless to pale yvyellow,, has 
a faint odor and characteristic taste, and is insol- 
uble in water. 

Absorption, Distribution and Excretion 


The drug is absorbed in a linear manner from the gastro- 
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intestinal tract. After absorption, it undergoes 


rapid hydrolysis to the free acid which is extensively 
bound to ether plasma proteins. Distribution appears to 
be limited to the plasma and extracellular fluid. 

In man, clofibrate is cleared from the plasma with an 
average half-life of 12 hours and appears in the urine 

as a glucouronide conjugate. 

Berects One hipids and Lbapoproteins 

The principle effect of clofibrate would appear to be 

on the triglyceride-rich lipoproteins VLDL (S_ 20 - 

ac aae It reduces the cholesterol-rich beta-lLipoprotein 
(LDL) to a lesser degree. The drug appears to be 
effective in 75% of patients. The average reduction of 
cholesterol ranges from 7 to 35% (average 20%) and of 
triglycerides from 20 to 60% (average 35%). Phospho- 
lipids are also reduced. Coincident with a reduction 

in the low density lipoproteins is an increase in 
certain high density fractions. 

Coagulation Effects 

In early studies with this agent, it was found that 

a reduced dosage of anticoagulants was required when. 
these drugs were used in combination with clofibrate . 


Further studies revealed that there was a reduction 
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of fibrinogen levels , and platelet stickiness 
5g 

prolongation of platelet survival time 


er eiticl 
Miscellaneous Effects 

Tranetent elevations of SGOT and a slight decrease in 
alkaline phosphatase have been observed in a few pat- 
ients within a few weeks of starting clofibrate. 

Rats fed clofibrate have shown liver enlargement. 

Liver cholesterol and triglycerides are reduced. Hist- 
Ologic examination of liver sections has shown an 
increased number of intracellular organelles, lyosomes 
and mitochondria. Clofibrate has been reported to 
reduce serum uric acid levels, particularly in patients 
with elevations of uric acid and the agent may have a 
primary UELLCosuric io ae 

Mechanisms of Action 

The precise mechanisms by which clofibrate reduces serum 
triglyceride and cholesterol is unknown. 

— postulated that theagent displaced androsterone 
from plasma proteins in some unknown manner. These 
postulated hormonal effects have been subsequently 
disproved by studies on adrenalectomized and gonadect- 


omized animals. In addition, clofibrate has been found 


to reduce lipids in thyroidectomized animals. Clofibrate 
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has been shown to effect a long-lasting inhibition 

of free fatty acid (FFA) release from adipose tissue 
with a modest, but significant, lowering of serum FFA 
levels. 

In perfusion studies on isolated rat livers using 
14c¢_l1abelled palmitate, Duncan et aie 2 ja LOUnG Sar s507, 
decrease in the secretion rate of triglyceride from 

the liver under the influence of clofibrate. In hyper- 
glyceridemic human subjects, Spritz®?, found a marked 
shortening of the plasma T 1/2 for 14¢_labelled tri- 
glyceride when clofibrate was administered. Studies in 
ratso4, have suggested that clofibrate inhibits cholesterol 
biosynthesis in the liver at some step between acetate 
and mevalonate. There is no accumulation of demosterol 
or other cholesterol precursors. It has also been 
shown that the drug will enhance the excretion of bile 
acids and neutral sterols in the bile. 
Contraindications 

Definitive contraindications include patients with known 
or suspected liver or renal impairment. Pregancy is 
also a relative contraindication. 

Dosage 

The daily adult dose recommended is 2 gm/day taken in 
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four divided doses. 

Side effects 

Adverse effects include urticaria, stomatitis, and 
pruritus. Weight gain has been reported in about 40% 
of patients. "Acute muscular syndromes", with elev- 
ations of lactic dehydrogenase, creatinine phosphokin- 
ase and aldolase have been reported by Langer and ee 
These have occurred, however, in patients on a dose of 
4 gms/day and disappeared with the discontinuation of 
the drug. 

Effects on Serum Insulin 

Zakim et eee reported studies on a patient with 
carbohydrate-inducible hypertriglyceridemia. This 
patient demonstrated high fasting plasma insulin levels 
and an abnormal response to oral glucose at one hour 
which returned to normal after the administration of 
Atromid-S at a dose of 2 gm/day. Serum triglycerides 
also fell from 2400 mg/100 ml to 430 mg/100 ml. When 
Atromid-S was discontinued, plasma triglycerides rose 
rapidly, but the fasting insulin and the insulin response 
to oral glucose remained normal for several days. A 
glucose tolerance test during Atromid-S therapy was 


normal, but became diabetic in type fourteen days 


following the discontinuation of the drug. 
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From these studies, the authors postulated that the 
plasma insulin abnormality in patients with the carbo- 
hydrate-inducible form of hypertriglyceridemia was 

a secondary rather than a primary effect in this dis- 


order. 
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A. METHODS 


SAA 


METHODS AND PROCEDURES 


1. Paper Electrophoresis of Serum Lipoproteins*9 


a) 


b) 


Equipment 


Durrum—type electrophoretic cell, Spinco 
Division, Beckman Instruments. 
Regulated DC power supply. 
Staining rack and tank. 
Specimen applicator, Spinco Divsion, 
Beckman Instruments. 
20 lambda capillary tubes, Drummond Scientific. 
Reagents 
Barbital Buffer -— Ionic strength 0.1, pH 8.6 
containing 0.001 M EDTA and 1% human albumen 
(Connaught) < 
To about 1200 ml of deionized water add the 
contents of one bottle (24.5 gm) of LKB 3726- 
VB Veronal (Barbital) buffer salts and mix. 
Then add 15 gm of human albumen and 0.558 gm of 
Disodium EDTA and mix gently on a magnetic 
stirrer until the albumen is dissolved. Make 
up to a volume of 1500 ml with deionized water. 
With daily use, the buffer should be renewed 


every four weeks. 
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Oil-Red-O-Stain - Add 0.6 gm 0il-Red-O dye to 
500 ml of 60% ethanol (i.e. 950 ml 95% ethanol 
and 550 ml of deionized water). Heat to boil- 
ing, remove from heat and stir overnight. 
Place in a staining vessel without filtering, 
and keep at 37 - 40° c. The stain must be 
made up every two weeks. 
Procedure 
Seno le sol lection: 
The patient should be fasting for 12 - 14 hours 
before the sample is collected. 
aL Collect blood using EDTA as anticoagulant, 
centrifuge, and remove plasma. 
tan) Store plasma at 2 - 4°c, Avoid freezing, 
as this will result in degradation of the 
lipoproteins. 
Electrophoresis: 
i), GAddM Miter or barbital bubter, “pH, 6.6 to 
the electrophoretic cell. 
iitjae Thoroughly morst strips and allow to equil— 
ibrate in the closed cell for 3 - 4 hours. 
Check that the buffer is the same level in 
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MecerscUULliIDEatton, .s0p ly 20 lamodaLos 
serum to each strip. Apply seven specimens 
and one control serum. 

Carry, OucTeleeecropnoresis tor 16 hours ac 
deGonscane Voltage of 110 volts witha 
Sucre Of) tou lnOkMmay Strip. 

ApBECE we TOCULOPNOLeSis, Gry) ene stripemer 
D5 oe Cet ore 20 minutes: 

Stain strips by immersion in the Oil-Red-oO 
Someone ores ounoure sat yen 40 mc. 
Rinse the strips in water for approximately 


1 minute and air dry. 


d) Interpretation: 


Examine the strip for chylomicrons, beta, pre- 


beta and alpha bands. For proper interpretation, 


a plasma cholesterol and triglyceride should 


be determined on the specimen as well. A norm- 


al serum must be examined at the same time for 


comparison. 


Agarose-gel Electrophoresis 


a) Materials 


"Sea-Kem" Agarose, Bausch and Lomb. Rochester, 
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Buffer - LKB Veronal Buffer, ionic strength - 
OF O05 pH S.'6. 

Dupont P 40B 35 mm safety motion picture film 
leader. 

Model E800 Electrophoretic cell, Research 
Specialties Ltd., Berkeley, Calif. 

Reservoir cutter. 

Sudan Black B staining solution - 4 gm of Sudan 
Black B is added to 320 ml of absolute methan- 
ol, and mixed thoroughly. Eighty (80) ml of 
deionized water is added and the resulting sol- 
ution is refluxed for approximately 10 minutes, 
then stored in a dark container at room temp- 
erature. The final staining solution consists 
of an 80% mixture of methanol —- water saturated 
with Sudan Black B. Before use, the solution 
is filtered. 

De-staining (rinsing) solution - Three hundred 
(300) ml of water is added to 700 ml of absol- 
ute methanol and allowed to cool to room temp- 
erature before use. 

Anscomatic Film Developing Tank 


Oster Airjet Hairdryer 
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b) Procedure 
i) Preparation of agarose-gel strips 

0.5 gm of agarose are added to 100 ml of 
LKB Veronal buffer and the mixture heated 
Mea DOollingsbath Lon ate least l72ahoure 
Following. thus, “the solution is filtered 
by suction filtration into a previously 
warmed flask (80° c). The flask is then 
placed in the hot water bath to maintain 
the sagerose preparation in solution until 
pouring. Approximately 33 ml of the above 
solution is poured on to the resin-treated 
side of 55 cm strips of leader tape and 
evenly spread. The poured strips are 
allowed to set without being disturbed for 
at least 45 minutes. Up to four of the 
above strips may be accommodated in the 
Model 800 Electrophoretic cell. 

ii) Preparation of Samples and Electrophoresis 
Five sample reservoirs (lmm x 15mm) are cut 
at 6 em intervals along the agarose strip, 
theethard reservoir placed in theicenter 


of the strip. The agarose remaining in 
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the reservoirs is carefully removed by a 
toothpick or a needle. The prepared agar- 
ose strip(s) is placed on the tap-water 
cooled (approximately 10°c) electrophoresis 
cell bed. Ten microliters of the desired 
plasma specimens are transferred to the 
respective reservoirs. Each specimen is 
run in duplicate. Constant voltage elec- 
trophoresis is performed for 30 minutes 
at 600 V (approximately 20 ma/strip). After 
electrophoresis is complete, the strip(s) 
are dehydrated in absolute methanol for 15 
minutes. Following this, the agarose is 
dried by use of a hairdryer. The agarose 
remains as a thin film which adheres to the 
leader tape. 

iii) Staining and De-staining 
The dried strips are mounted on the reel 
and immersed in developing container cont- 
aining 400 ml of previously prepared sat- 
unated!' Sudan Black]B solution, “Staining 
1eNcauried, Cobb for exactly 30 minutes. 


Agterestaining 25 complete, the reel cont— 
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aining the strips is removed and placed 

in the beaker containing enough 70% methanol 
in water solution to cover the reel. 
De=stainang 2erecarried outiior 3 minutes, 
with de-staining solution (70% methanol- 
water) being replaced at 1 minute intervals. 
Following de-staining, the reel is immersed 
in deionized water for 30 seconds. This 
rinses off the de-staining solution, thus 
preventing further de-staining of the 
electropherograms. The strips are removed 
from the reel and air-dried at room temp- 
erature, 

Quantitation 

The amount of lipid stained in the various 
lipoprotein fractions is measured by the 
use of densitometric scanning of the 
electropherograms. The area under each 
curve, representing a particular lipoprotein 
fraction, is obtained by the use of a 
suitable integrator. Three scanning 
instruments have been successfully used 


including CHROMOSCAN, GELSCAN AND DENSICORD. 
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A filter which transmits energy atea wave— 
length of 590 - 600 nanometers (nm) (blue) 
as used. A defining slit of approximately 
1 x 15 mm gives good resolution and sens- 
itivity. After obtaining the areas repres- 
enting the Lipoprotein fractions, the per— 
cent of each Lipoprotein specimen presented 
is expressed as a percent of the total 
lipoprotein stained. 
Serum Cholesterol 
Serum cholesterol was measured by the semi-automated 
Re Ahe ere An isopropanol extract of serum is 
reacted with a solution of sulfuric acid, glacial 
acetic acid and ferric chloride. Derivatives of 
perhydrocyclopentanophenanthrene having a 5-ene 
3-ol grouping react with this reagent to produce a 
purple which can be measured at 550 nm. The analyt- 
ical error of the method is + 10 mc LOOmo ea 2men Da) 
Serum Triglycerides 
The semi-automated procedure for the determination 
of triglycerides is based on the work of Kessler 
68 


and Lederer . Isopropanol extracts of serum are 


treated with a slurry containing zeolite, copper 
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lime and Lloyd's reagent. The Pipid extract 2s 
then added to a base reagent automatically with 
saponification of triglyceride to glycerol in a 


500° 


C heating bath. After saponification, peri- 
odate reagent is added to the reaction mixture to 
oxidize glycerol to formaldehyde. This is followed 
by condensation of formaldehyde with diacetylace- 
tone and ammonia (Hantzsch Reaction) to give a 
fluorescent product, 3,5-diacetyl -1,4-dehydrol- 
utidine. A 405 nm interference filter is used as 
the primary filter and a Corning 3-71 is used as 
the secondary filter. The analytical error of the 
method is 5 Oe me 0 Om milaen(2 eo De) 

Glucose Tolerance Tests 

Glucose tolerance tests were carried out following 
carbohydrate loading of all subjects for three days 
prior to the test. Following a fasting blood det- 
ermination and the administration of 100 gm of 
glucose, blood sugars and urine determinations were 
obtained at half-hour intervals for 2% hours. 
Plasma glucose was measured by the etna ferri- 


cyanide-potassium ferrocyanide reaction . 


Glucose reduces the yellow potassium ferricyanide 
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solution to colorless ferrocyanide. The reduction 
in color is proportional to the amount of glucose 
contained in the specimen and is measured at 420 nm 
in a colorimeter equipped with a flow cuvette which 
has aelSummelign= path. The analytical error of 
the method is = Came LoOemlr (2S. Dy): 


Immunoassay of Serum Insulin 


Insulin immunoassays were carried out using the 

two antibody system of Morgan and a ee This 
method is based on the fact that insulin reacts 

with anti-insulin antibody obtained from immunized 
guinea pigs (AIS-GP) to form a soluble complex. 

This soluble complex is precipitated by anti-guinea 
pig serum antibody obtained from immunized rabbits, 
(AGPS-R). When eee ay is used as a tracer, 

the amount of radioisotope present in the precipitate 
Po Va tuneGe LOMO sehe CoOnceneratlon-of the ansalin, 
unlabelled and labelled, present in the reaction 
mixture. The difference in percent of eras 
precipitated (4%) when varying amounts of unlabelled 


insulin are added, forms the basis of the assay 


system. 
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WEA serum Prees Matty Acids 


Determination of serum free fatty acid was carried 
OULeSyoLae methods on Trout, Estes and Friedburg/t, 
This is an improved, more specific version of Dole's 
ELerimetrie method. The fatty acid solution that 
iS) tO bemtitrated, 1s washed with 0.70576 H5SO, 
to remove lactic acid and an acetone-insoluble 
material that interferes with the titration. 
Heparinized samples for analysis were obtained at 
15 minute intervals before and during intravenous 
infusion of glucose. 

B. DIETARY STUDIES 

joe leCElONe Ol OUD TCCES 

Twenty-one male patients with coronary artery dis- 
ease between the ages of 35 and 49 (mean 43) were 
compared with 9 control subjects between 23 and 
29 years of age (mean 25). Young patients were 
chosen because they might be expected to show 
certain lipoprotein abnormalities related to the 
development of atherosclerosis. Younger controls 
were selected to avoid the possibility of risk 
factors appearing in this group, thus making comp- 


arison difficult. The criteria for the diagnosis 
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of coronary artery disease included; 
i) definitive myocardial infarction confirmed by 
E.C.G. changes or serum enzyme changes or both 
(14 patients) 
ii) angina pectoris with angiographic evidence of 


coronary artery disease (5 patients) 


iii) angina pectoris associated with E.C.G. evidence 


of coronary ischemia (2 patients) 
Since gross obesity is associated with abnormalities 
of glucose tolerance, serum lipids and. lipoproteins, 
patients exceeding 115% of ideal body weight were 
excluded. Patients with myocardial infarction were 
not studied during the acute episode. Patients 
with documented diabetes mellitus were also excluded. 
The high carbohydrate liquid diet was prepared in 
cooperation with the Metabolic Unit of the Depart- 
ment of Medicine, University of Alberta Hospital. 
The diet was composed of 85% carbohydrate (supplied 
as glucose) and 15% protein (supplied as skim milk 
powder). It contained 5 gm of NaCl per 1200 cc and 
was flavored according to individual taste with 


ALCIPicial tlavorinogs. The administered emounc 
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was calculated on the basis of body weight in 
kilograms; ive. "30vcal/kg/body weight/day. Patients 
were “Instructed inot to alter their diets prior to 

the administration of the test diet. It was consumed 
in equal amounts three times daily at mealtime. 

No other intake throughout the period of dietary 
administration was allowed except water. Dietary 
adjustments were made on a daily basis to maintain 


body weight within f 1 kg/day. 


Lipid and Carbohydrate Studies 
Following hospital admission, baseline determinations 
were done on day four and day seven following comp- 


letion: of the dietary period. 
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Nine male hospital orderlies between 24 and 47 years 
of age were selected on the basis of absence of 
symptomatic coronary artery disease or known endo- 
crine abnormalities. 

Lipid, Carbohydrate and Insulin Studies 

Baseline determinations included hemoglobin, white 
blood cell count, complete urinalysis, serum triglyc- 


erides, serum cholesterol, lipoprotein electrophoresis, 
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and glutamic oxaloacetic transaminase (SGOT). 
#fter a three day period of carbohydrate loading, 
100 gm of glucose was administered orally in the 
fasting state with samples for plasma glucose and 
serum insulin drawn at 20 minute intervals for 2 
hours. “Clotabrate in a dose of 500 ma four fEimes 
a day was then administered for 30 days and the 
above determinations repeated. There was a cons- 
iderable variation in the plasma glucose values 
following oral glucose administration. Presumably 
this was due to variable absorption of glucose from 
the small bowel. Thus, it was decided to repeat 
the study using intravenous glucose infusion. 
Eight volunteers, 8 weeks following the cessation 
of previous clofibrate therapy were again studied 
in the baseline state in a similar manner to that 
outlined above. In this study, however, specimens 
were drawn at 15 minute intervals and, in addition, 
serum free fatty acids were also studied, before 
encdwartter CloLibrace administration cor 14 days. 
Two subjects (P.K. and W.H.) were not available 
for this second study and one was replaced by 


another volunteer (P.K.). Glucose was infused 
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RESULTS 


THE EFFECT OF A SEVEN DAY HIGH CARBOHYDRATE DIET ON 


SERUM LIPIDS IN NORMAL SUBJECTS AND PATIENTS WITH 
CORONARY ARTERY DISEASE 

A description of the control and patient groups taking 
part in the dietary study are shown in Table 1 and 2. 
The data in these tables include the age, clinical find- 
ings, and serum triglyceride and cholesterol values ob- 
tained throughout the seven day high carbohydrate diet. 
The mean age of the controls was 25 years with an age 
range of 23 -—- 29 years. The mean age of the patients 
was 43 years with an age range of 35 -— 49 years. By the 
analytical methods employed in this study, the normal 
values for serum triglycerides and cholesterol in the age 
range of the control group are up to 140 mg/100 ml £ 32 
(266. D2), and. up to 240 mg/lOOml = 41 (28S0D.). “Neral 
values of the above fractions in the age range of the 
Baciener croup areiup to 150)mg/100 ml) = 37 (2S /Da)yend 
ip, to. 250 mg/100 ml 2 55 (2 ana Because of the 
gradual elevation of serum cholesterol that occurs with 
increasing age, the differences between the two groups 
shown in Table 4 are not felt to be highly significant. 
Serum triglycerides, however, increase very little with 


age and the results shown In Table 3 are felt fo be 


highly signitican:. 
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TABLE 1 
tHe BE PECTS OF A SEVEN DAY HIGH CARBOHYDRATE DIET 


ONSLRE Soe RUMTEEPIDS OF CONTROL SUBJECTS 


Cholesterol 
(mg/100 m1) 
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TABLE 2 
THE EFFECT OF SEVEN DAY HIGH CARBOHYDRATE DIET ON SERUM LIPIDS 


OF YOUNG PATIENTS WITH CORONARY ARTERY DISEASE 
Les ycerides 
(mg/100 m1) 
Pt. |Age 
2, ho oe 


a ee 
Pedin3o F165. A205, (163 206) 169 (73 


Cholestero 
(mg/100 ml) 


Clinical Features 
& 
Age at Onset 


Acute, Coronary 
Insufficiency 
38 years 


Myocardial 
Infarction 
36 years 


Myocardial 
infarction 
41 years 
Myocardial 


Infarction 
A2 years 


Myocardial 
Infarction 

42 years 
Angina Pectoris 
34 years 


Angina Pectoris 


40 Years 
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TABLE 2 (CONTINUED) 
THE EFFECT OF SEVEN DAY HIGH CARBOHYDRATE DIET ON THE SERUM 


LIPIDS OF YOUNG PATIENTS WITH CORONARY ARTERY DISEASE 


Cholesterol 
(mg/100 m1) 


Day 
() Z| 


| Triglycerides 
(mg/100 ml) 


Clinical Features 


and 
Age at Onset 


Myocardial 
infact Lon 
46 years 


Angina Pectoris 
38 years 


Myocardial 
Infarction 
38 years 


Myocardial 
Infarction 
Z| > 


Myocardial 
Intaecui1on 
34 years 


Myocardial 
infarction 


Angina Pectoris 
42 years 
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TABLE 2 (CONTINUED) 
THE EFFECT OF SEVEN DAY HIGH CARBOHYDRATE DIET ON THE SERUM 


LIPIDS OF YOUNG PATIENTS WITH CORONARY ARTERY DISEASE 


Cholestero 
(mg/100 m1) 


| Triglycerides 
(mg/100 ml) 


Clinical Features 
and 
Age at Onset 


Day 
Zi 


Myocardial 
Infarction 


ZOO V2), Br20 
44 years 


Myocardial 
Infarction 
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148 |177 Myocardial 
Infarction 


42 years 
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36 years 


Angina Pectoris 
45 years 


Myocardial 
Infarction 
38 years 
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Serum Triglycerides 


Table 3 shows the range, mean and mean increase of 
serum triglycerides at zero, four and seven days 

for the control “andkpattent groups on the high 
carbohydrate diet. The mean values of serum triglyc- 
errdes (Lil, 132 and) 125 mog/1l00 mil) for the control 
group were significantly lower (p@0.01) than those 
Of thes pata ni sgroup (24476397 end 413 mg/100 mi)e 
The mean increase of serum triglycerides, due to 

the high carbohydrate diet, was also much lower 

by day four and seven (21 and 34 mg/100 ml) in the 
control group (p€0.8) than the mean increase 

(153 “and 169 mg/100 mil) wn the patient group 
p€0.01). Expressed as a percentage change, tri- 
glycerides of the control group increase by 19% 

and 30% on day four and seven as compared to 68% 

and 75% in the patient group. A graphical repres- 
entation of the magnitude of change from day zero to 
day seven in the two groups studied is seen in Figure 
2. The patient group has been subdivided into three 
groups; those with coronary artery disease and 

no lipoprotein abnormality; those with coronary 


artery disease and Type II hyperlipoproteinemia, 
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TABLE 3 
AVERAGE EFFECT OF A SEVEN DAY HIGH CARBOHYDRATE DIET 


ON SERUM TRIGLYCERIDES 


Mean Mean Increase 
(moi7 00) mils) (mg/100 ml 


Patients 
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TABLE 4 


AVERAGE EFFECT OF A SEVEN DAY HIGH CARBOHYDRATE DIET 


ON SERUM CHOLESTEROL 


Mean Decrease 
(ma7 10:0) ml!) 
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Figure 2: Effect of a High Carbohydrate Diet on the Serum 


Triglycerides (T.G)) of Controls and Patients 
with Coronary Artery Disease 
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and those with coronary artery disease and Type IV 
hyperlipoproteinemia. Graphically, it is noted 
that the greatest increase in serum triglycerides 
occurred in the Type IV patients after the-seven 


day period of high carbohydrate feeding. 


Serum Cholesterol 


The range, mean and mean decrease of serum cholest- 
erol at zero, four and seven days for the control 
and patient groups on the high carbohydrate diet 

is shown in Table 4. The mean values for serum 
cholesterol (168, 146 and 125 mg/100 ml) in the 
control group were significantly lower (p€0.01) 
than those of the patient group (258, 207 and 196 
mg/100 ml). The mean decrease of serum cholesterol 
on the high carbohydrate diet (-22 and -43 mg/100 
ml) in the control group was less (p€0.05) than the 
mean decrease (-51 and -62 mg/100 ml) in the patient 
group (p@0.01). Expressed as a percentage change, 
serum cholesterol decreased by 13% and 26% on day 
four and seven as compared to 20% and 24% in the 
patient group. The magnitude of change in serum 
cholesterol levels in the groups studied is shown 


in Figure 3. 
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Serum Lipoproteins 

Serum lipoproteins were studied by paper and agar- 
Ose gel electrophoresis. The results are seen in 
Tabhes > and 6. 

By Paper electrophoresis all control subjects had 
normal lipoprotein Strips prior to the dietary 
study. Following the seven day high carbohydrate 
diet 206 9.9(279) normals demonstrated a elight 
increase in the pre-beta lipoprotein fraction. 
Logically, both of these patients also showed 

the greatest increase in serum triglycerides. 
Paper electrophoresis of the serum lipoproteins of 
the patient group prior to the dietary study re- 
vealed 11/21 to be normal, 2/21 showed prominent 
beta lipoprotein and 8/21 showed moderate to prom- 
inent pre-beta lipoprotein. At the completion of 
the dietary period, 6/11 of the previoud y normal 
strips showed prominent pre-beta lipoprotein as 
did the 8/2 which had, shown this finding prior 

to the dietary challenge. Both patients with a 
prominent beta lipoprotein band showed moderate 
reductions of this fraction. The remaining 5/21 


Showed Little of no Signiticant change in serum 
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TABLE 5 
THE EFFECT OF A SEVEN DAY HIGH CARBOHYDRATE DIET 
ON THE SERUM LIPOPROTEINS OF CONTROLSSUBJECTS 
Qualitative Agarose 


Lipoprotein 
Evaluation 


Qualitative Paper 
Lipoprotein 
Evaluation 

Day, 0 Day 7 


slight 
elevation 
pre-beta 


slight 
elevation 
pre-beta 


Day O 


slight 
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Day 7 
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TABLE 6 


THE EFPECT OF SEVEN DAY HIGH CARBOHYDRATE DIET ON SERUM 


LIPOPROTEINS OF YOUNG PATIENTS WITH CORONARY ARTERY DISEASE 


Qualitative Paper Qualitative Agarose 


Glucose 


Lipoprotein Lipoprotein Tolerance 
Pe. Evaluation Evaluation Index 
Day 0 Day 7 
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pre-beta 
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TABLE 6 (CONTINUED) 
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very 
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THE EFFECT OF SEVEN DAY HIGH CARBOHYDRATE DIET ON THE SERUM 


LIPOPROTEINS OF YOUNG PATIENTS WITH CORONARY ARTERY DISEASE 
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TABLE 6 (CONTINUED) 
THE EFFECT OF SEVEN DAY HIGH CARBOHYDRATE DIET ON THE SERUM 


LIPOPROTEINS OF YOUNG PATIENTS WITH CORONARY ARTERY DISEASE 


Qualitative Paper Qualitative Agarose Glucose 


Lipoprotein Lipoprotein Tolerance 
Evaluation Evaluation Index 
Day O Day 7 Day O Day 7 
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Upopreteins ae the completion o£ the study. in 
summary, after seven days of high carbohydrate 
feeding, Ehe patient group in terms of lipoprotein 
abnormalities revealed 5/21 to be normal, 2/21 

to demonstrate the Pype Il “abnormality and 14721 

tO demonstrace, Lhe Type IV abnormality. This Latter 
group, logically demonstrated the greatest increase 
in serum triglycerides following the dietary chal- 
lenge. One man (J.G.), although a classical Type 
IV on paper and agarose gel electrophoresis, failed 
to respond to high carbohydrate feeding with an 
increase in serum triglycerides. 

By agarose-gel electrophoresis 2/9 subjects in the 
control group had slight, but detectable elevations 
of the pre-beta fraction prior to the period of 
dietary study. Following the dietary period, 5/9 
demonstrated increases in the pre-beta fraction 
(Table 5). Two of these latter individuals had 
demonstrated elevations of pre-beta lipoprotein 

by the paper technique and showed the greatest 
elevations of serum triglycerides following the 
high carbohydrate diet. The remaining three also 


showed greater increases in serum triglycerides 
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than the remainder of the control group. 
Examination of the agarose-gel electrophoretic 
strips in the patients done prior to the dietary 
challenge, revealed 7/21 to be normal, 2/21 to 
show prominent beta lipoprotein and 12/21 to show 
slight to marked elevations of the pre-beta frac- 
tion. At the completion of the dietary period, 
5/7 of the patients who appeared normal prior 

to the administration of the diet developed slight 
increases in pre-beta lipoproteins, but were felt 
to be qualitatively normal. The remaining 2/7 

who had appeared normal prior to the diet, devel- 
oped significantly elevated pre-beta lipoprotein. 
Both patients with prominent beta lipoprotein 
showed moderate reductions in this fraction. The 
remaining 11/21 patients demonstrated moderate to 
marked increases in the pre-beta lipoprotein fraction 
comparable to the Type IV abnormality. 

In Figure 4 is shown serum lipoproteins separated 
by paper electrophoresis of a normal and a Type II 
individual. The increase of beta lipoprotein is 
noted in the Type II serum. 


In Figure 5 is shown the serum lipoproteins of a 
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Figure 4: Normal and Type II Hyperlipoproteinemia by 
Paper Electrophoresis 
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Figure: >=) bype. lV lhyperlipopreteinemba betore ang After 
Seven Days of a High Carbohydrate Diet 
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Figure 6: Normal and Type if Hyperlipoproteinemia by 
Agarose Gel Electrophoresis. 
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Figure 7: Type IV Hyperlipoproteinemia by Agarose Gel 
Electrophoresis Before and After Seven Days 
of a High Carbohydrate Diet. 


fl 


Si 


Type IV individual before and after seven days of 
high carbohydrate feeding. The increase in the pre- 
beta fraction is well demonstrated. 

In Figure 6, is shown serum lipoproteins separated 
by agarose gel electrophoresis of a normal and Type 


II individual. Th 


(D 


increase of beta lipoproteins 


is noted in the Type II serun. 


the pre-beta fraction is well demonstrated. 


Gel Electrophoresis and Quantitated by Densitometric 
nr 


The changes in relative percentages of the Lipoprotein 


fractions in the control and patient groups follow- 
ing seven days of high carbohydrate feeding are 
shown in Tables 7 and 8. These are values of beta, 
pre-beta and alpha lipoproteins obtained from agar- 
ose strips and expressed as a percentage of the 
total lipid stained. The range, mean and mean 


change (increase or decrease)of the rel ative per- 
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TABLES! 
BPPECT OF A SEVEN DAY HIGH CARBOHYDRATE DIET ON THE 
SERUM LIPOPROTEIN FRACTIONS OF CONTROLS AS SEPARATED BY 
AGAROSE-GEL ELECTROPHORESIS AND QUANTITATED 


BY DENSITOMETRIC SCANNING 


RELATIVE PERCENTAGE OF LIPOPROTEIN FRACTIO 
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TABLE 8 
EFFECT OF SEVEN DAY HIGH CARBOHYDRATE DIET ON THE SERUM 
LIPOPROTEIN FRACTIONS OF YOUNG PATIENTS WITH CORONARY ARTERY 
DISEASE AS SEPARTED BY AGAROSE-GEL ELECTROPHORESIS AND QUANT-— 


ITATED BY DENSITOMETRIC SCANNING 


RELATIVE PERCENTAGE OF LIPOPROTEIN FRACTIO 
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TABLE 8 (CONTINUED) 
EFFECT OF A SEVEN DAY HIGH CARBOHYDRATE DIET ON THE SERUM 
LIPOPROTEIN FRACTIONS OF YOUNG PATIENTS WITH CORONARY ARTERY 
DISEASE AS SPEARTED BY AGAROSE GEL ELECTROPHORESIS AND QUAN- 


TITATED BY DENSITOMETRIC SCANNING 


RELATIVE PERCENTAGE OF LIPOPROTEIN FRACTION 


beta pre-beta alpha 
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TABLE 8 (CONTINUED) 
EFFECT OF A SEVEN DAY HIGH CARBOHYDRATE DIET ON THE SERUM 
LIPOPROTEIN FRACTIONS OF YOUNG PATIENTS WITH CORONARY ARTERY 
DISEASE AS SEPARATED BY AGAROSE GEL ELECTROPHORESIS AND 


DENSITOMETRIC SCANNING 


RELATIVE PERCENTAGE OF LIPOPROTEIN FRACTION 
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eentages of the Lipoprotein fractions are shown 

in Tables 9,10 and LL. 

The mean values of pre-beta for the control group 
at day zero and seven (15% and 29%) were signif-— 
icantly lower (p<0.01) than the patient group 

(28% and 50%). The mean increase in the control 
group (14% versus 22%) was smaller numerically 
than» the patient, group, but not statistically 
Sigur vcane. 

The mean values of beta lipoprotein for the control 
group at day zero and seven (55% and 43%) were not 
significantly lower (p<0.7) than the patient 

group (57% and 40%). The mean decrease in the 
control group (12%) was not significantly different 
Chania the patient qroup (177%) 

The mean values of alpha lipoprotein for the control 
group at day zero and seven (30% and 28%) were 
Significantly higher (p<.0.01) than the patient 
group (44 .and 10%). The mean decrease in the 
control group (2%) was not significantly different 


than in the patient group (4%). 
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TABLE 9 
CHANGES IN THE RATIO OF PRE-BETA TO OTHER LIPOPROTEIN 


FRACTIONS DUE TO) HEGH CARBOHYDRATE DIET 


Range of % Mean of % Increase of Mean 
Pre-beta Pre-beta % Pre-beta 


TABLE 10 


cess 


CHANGES IN THE RATIO OF BETA TO: OTHER LIPOPROTEIN 


FRACTIONS DUE TO HIGH CARBOHYDRATE DIET 


Range of % Mean of % Decrease of Mean 
Beta Beta % Beta 
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CHANGES IN THE RATIO OF ALPHA TO OTHER LIPOPROTEIN 


TABLE 11 


FRACTIONS DUE TO HIGH CARBOHYDRATE DIET 


Mean 1oL Decrease of Mean 
Alpha % Alpha 
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Glucose Tolerance Tests in Patients with Premature 
Coronary Artery Disease. 

The sum OL the fasting, one hour, one and one-half 
hour and two hour plasma glucose values for each 
member of the patient group was expressed as the 
"glucose tolerance Pg (tap Cem Gye | Chas 
numerical value was selected as the best single 
expression of both the peak and duration of the 


glucose tolerance curve. Normal values of plasma 


glucose should not exceed the following; 


Fasting plasma glucose---------- TUSemeg Aloe mi: 
One hour plasma glucose--------- 185 mg/100 ml 
One and one half-hour plasma 

glucose -—----------------------- 155) mg/100 ml 
Two hour plasma glucose--------- 125 mo/-LO0em: 


The sum of these values is 580 and normal values 
should not exceed this level. 

in the patrent group: 4/21) hada glucose tolerance 
index which exceeded 580. Two occurred in the 
Type IV patients (787, 672), one in the Type II 
patients (770) and one in the group without 


demonstrable lipoprotein abnormalities (706) 


(Figure 8). 
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Figure 8: Glucose Tolerance Index of Patients with Coronary 


AGtehy Disease 
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THE EFFECTS OF CLOFIBRATE IN NORMAL SUBJECTS 


A description of the normal subjects taking part in 
the clofibrate study is shown in Table 12. The data 
in this table shows the age, serum triglyceride and 
cholesterol values and lipoprotein findings before and 
after clofibrate administration. The mean age of the 
group was 41 years with an age range of 29 - 49 years. 
ie oerumolhigl yeerides 
Table 13 shows the range, mean and mean decrease 
of serum triglyceride values of the experimental 
group before and at the completion of 30 days of 
drug administration. The mean value for serum 
triglycerides prior to clofibrate therapy was 
271 umg/L00 mi fand fell to Wl mg7 100 mil atthe 
completion of the study. This is a mean decrease 
of 109 mg/100 ml (49%) but because of the small 
number of subjects in the group and the inclusion 
of a subject (A.M.) with marked elevation of serum 
triglycerides in comparison with other subjects, 
the change is not statistically significant (p<¢0.2). 
The elevation of serum triglycerides in this sub- 
ject imparts a large standard deviation to this 


parameter, ys 190 mg/100 ml before drug administration 
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TABLE 12 
Dobe Clo, Oli ERE YeDnyo, Ol /CLOLISRALE 


ON THE SERUM LIPIDS OF NORMAL SUBJECTS 


Triglycerides Cholesterol 
(mg/100 m1) (mg/100 m1) 
Poe Ade 
| pay 0 | 0) | pay 30 | 30 Day O Day, 750 


fraclae | es | aor | ass | aso 
eee ee 


aivuaeiodd. $o. ey a0 ie 


eDETENE MAMACH TC SON 


ee 


=| ness 


TABLED 13 


AVERAGE EFFECT OF THIRTY DAYS OF CLOFIBRATE ON 


THE SERUM TRIGLYCERIDES OF NORMAL SUBJECTS 


Range Mean Mean Decrease 


(mg/100 m1) (mg/100 m1) (mg/100 m1) 


TABLE 14 
AVERAGE EFFECT OF THIRTY DAYS OF CLOFIBRATE ON 


THE SERUM CHOLESTEROL OF NORMAL SUBJECTS 


Range Mean Mean Decrease 


(mg/100 m1) (mg/100 m1) (mg/100 m1) 
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and + 53 mg/100 ml after. By excluding this man, 
the mean value for serum triglycerides prior to 
clofibrate was 162 mg/100 ml and fell to 97 mg/ 

100 ml with a mean decrease of 65 mg/100 m1 (40%). 
Tits reduction is Statictical ly signiticane (o< 
OO ke 

Serum Cholesterol 

Table 14 shows the range, mean and mean decrease 

of serum cholesterol values of the experimental 
group before and after completion of drug administ- 
ration. The mean value for serum cholesterol prior 
to clofibrate therapy was 177 mg/100 ml and fell to 
153 mg/100 ml at the completion of the study. 

This sa mean decrease of 24 mg/l00 ml (t37)9 bu 
SLSh infene sHeeteuncheteculiNkye ubepstiiamelcheys. (ox < 10), )he 

Serum Lipoproteins 

These were studied by both paper and agarose-gel 
electrophoresis. 

By paper electrophoresis, 7/9 subjects had normal 
lipoproteins prior to drug administration (Table 15). 
Two of nine had elevated pre-beta lipoproteins, 
one man (A.M.) to a marked degree. At the end of 


30 days of clofibrate, 8/9 were normal with only 


2 7 
7 7 ee - » 2 * 
fis it hits 4'bba ss get ys . nthe eas rs 5 a ia 6 a 
5 ee 
Lent xe? @4 Liew fbes ure 208 enipy anon ony 
t oS 7 - a] 


aS Lind? ere: ier GOT. ieee siete 


‘eee? te COLNpe 2a to ekeetoch nedep me aIte beatin _ 


wiigite op Peer x ata 


leis 


: bani 
flexes siLont atnrast 


eg EE eee Ce are . _ 
its { On. 15,081 ai) 2e eis aworte bl atc 
fue s ser Ht ho sentav Losetes fons jee 30° 
mh 20 anbtateues sedte be eseted quoxe . ~ 


ving spon art sine ik 7 


7 


went SVL) gaw Yqrsaest: Wt itis Rast bg of -. 


ft ie! tre gbtdetouon eta ve dm oon) a af. 


f) F ase), A A gered n6ait.6 & 
Uy 

- ‘ oe ae 

.{c.0 de) srinekSsapin yifectietognte 2 


gus pag( ee) “<i 
Jorge ks => 
@owenea off aagee wot ve beitiees i 88 ae 


“sane oe wae 


_ 


na. Bed ad seetite OV putts re spe, Ye 


= : : 7 ee <>: 
CRE whale: 4 ots es Mes Pese og aa ¢ cate oratye i 
9 a 


vy . 
o aia ‘in ei at y) 


ems Be vw 


. 

to» 

{ Dy 4 HS thie 
is 


Holko. Dn ay 


=(3e1 5 


CABLE U5 
THE ERFECTSIOP THIRTY DAYS OF CLOFIBRATE ON 


THE SERUM LIPOPROTEINS OF NORMAL SUBJECTS 


Qualitative Paper 


Qualitative Agarose 


Lipoprotein Lipoprotein 
Pt Evaluation Evaluation 
Day 0O Bley 0) Day 30 


reduced 
pre-beta 


reduced 
pre-beta 


reduced 
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redueed 
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reduced 
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elevation 
pre-beta 


pre-beta 


very 
marked 
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moderate 
elevation 
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one man (A.M.) showing a prominent, but reduced, 
pre-beta fraction in comparison to his previous 
Siete. 

When studied by agarose-gel electrophoresis, 6/9 
bead =normal Lipoproteins prior to drug administration 
(Table 15). Three of nine had elevations of the 
pre-beta lipoproteins, including A.M., who had 

also shown a marked elevation in this fraction by 
paper electrophoresis. Following clofibrate admin- 
istration, 8/9 showed reduced or absent pre-beta 
lipoproteins by this technique. One subject, 

(A.M.) showed marked reduction of the pre-beta 
fraction from the baseline state, although it was 
still elevated as compared to normal. Three of 
nine showed a complete absence of pre-beta lipo- 
protein when studied by this technique. 

In Figure 9 is shown the serum lipoproteins sep- 
arated by agarose-gel electrophoresis of a normal 
individual before and after 30 days of clofibrate 
therapy. The marked reduction in the pre-beta 


fraction is well-demonstrated. 
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Figure 9: Effect of 30 Days of Clofibrate on Serum Lipo- 
proteins Separated by Agarose Gel Electrophoresis 
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Changes in Lipoprotein Fractions as Revealed by 
Densitometric Scanning of Agarose Gel Electrophero- 


grams 

In Table 16 are detailed the changes in relative 
percentages of the subjects' lipoprotein fractions 
following 30 days of clofibrate ingestion. These 
are the values of pre-beta, beta and alpha lipo- 
proteins obtained from agarose strips expressed 

as a) percentage of the total lipoproteins: stained. 
The range, mean and mean change (increase or decrease) 
of the relative percentages of each lipoprotein 
raccoon 1s shown 12n Tables) 17, 18 and 19. 

The mean value of pre-beta lipoprotein on day zero 
(32%) was higher than on day thirty (14%) but this 
decrease, was not highly Significant, (p</0. 02). 

The mean value of beta lipoprotein on day zero 
(46%) was lower than on day thirty (61%) but not 
highly siomvercants(p< 0,02). 

The mean value of alpha lipoprotein on day zero 
(22%) was lower than on day thirty (25%) but not 


significant ap] O24). 
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TABLE 16 
EFFECT OF THIRTY DAYS OF CLOFIBRATE ON SERUM LIPOPROTEIN 
FRACTIONS AS SEPARATED BY AGAROSE GEL 


ELECTROPHORESIS AND QUANTITATED BY DENSITOMETRIC SCANNING 


Relative Percentage Changes of 
Lipoprotein Fractions 
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TABLE 17 


CHANGES IN THE RATIO OF PRE-BETA TO OTHER LIPOPROTEIN 


Decrease of Mean 
2% OL 
Pre-beta Present 


TABLE 18 
CHANGES IN THE RATIO OF BETA TO OTHER LIPOPROTEIN 


FRACTIONS AFTER THIRTY DAYS OF CLOFIBRATE 


Range of % Mean of % Increase of Mean 
OL 
Beta Present Beta Present Beta Present 


TABLE 19 
CHANGES IN THE RATIO OF ALPHA TO OTHER LIPOPROTEIN 


FRACTIONS AFTER THIRTY DAYS OF CLOFIBRATE 


Range of % Mean of % Increase of Mean 
% Of 
Alpha Present Alpha Present Alpha Present 
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The Effect of Taeeey Days Of Clofibrate Administ— 


ration on Plasma Glucose Levels During Oral Glucose 
Che Pilenge 

Table 20 and Figure 10 show the plasma glucose 

Val lvec wat ZO minute ditervals onaday zero vend 
thirty following the administration of 100 gm of 
Glucose orally: After one month of clofibrate 
administration, plasma glucose values tended to 

be higher at 60, 80, 100 and 120 minutes. However, 


this Le not a Statistically signiticant change. 


Hhewherect, of Thirty Days of Clotibrate Adminicema— 


tion on Serum Insulin Levels During Oral Glucose 
Challenge 

Table 20 and Figure 11 show the serum insulin lev- 
eleuin muyml, (micro Unvts/mi) at 20 minuces inter — 
als on day zero and thirty following the administ— 
faction of LOO gm of glucose orally. After ioue 
month of clofibrate administration, serum insulin 
values rose to lower levels at 20 and 40 minutes 
and increased levels at 60 and 80 minutes. These 


differences, however, are not statistically signif- 
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TABLE 20 
AVERAGE EFFECT OF THIRTY DAYS OF CLOFIBRATE ADMINISTRATION 
ON PLASMA GLUCOSE AND SERUM INSULIN LEVELS 


DURING ORAL GLUCOSE CHALLENGE 


Plasma Glucose Serum Insulin 
mg/100 ml mu/m1 
ee ous 
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Figure 11: 
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Effect of Clofibrate on Serum Insulin Levels 


After Oral Glucose Administration 
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Plasma Glucose Studies After Fourteen Days of 
Clofibrate Administration During Intravenous 


Glucose Infusion 

From the results noted above, it was felt that 
clofibrate might produce subtle changes in carbo- 
hydrate metabolism and serum insulin levels. 
Because Of the great variability in plesma glucose 
and serum insulin levels both before and after 
drug administration for thirty days, 2c wae tele 
that intravenous glucose infusion might produce 
stable and reproducible insulin release by remov- 
ing the variabilities of glucose absorption from 
the small intestine and by-pass the effect of the 
insulin-stimulating "gut peters In addition 
to the measurement of plasma glucose and serum 
insulin levels, it was decided to measure plasma 
free fatty acids during glucose infusion both 
before and after clofibrate administration. 

Two subjects (P.K. and W.H.) were not available 
for this study and one was replaced by another 
volunteer (P.K.). The mean age of the group was 
39 years with an age range of 24 - 49 years. 


Table 21 and Figure 12 show the plasma glucose 
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values at 15 minute intervals on day zero and 
fourteen during the infusion of glucose intraven- 
ously at a rate of 500 ml/minute for 60 minutes. 
After tourceen days of clofibrate adminictration, 
plasma glucose values were lower at each 15 minute 
interval. These differences, however, are not 
Slbavistically stonrvireant. 

Serum Insulin Levels Before and After Clofibrate 
Administration for Fourteen Days 

Table 21 and Figure 13 show the serum insulin 
levels obtained at day zero and fourteen during 
the infusion of glucose intravenously at a rate of 
500 mi/min for 60 minutes. Serum insulin levels 
tended to be somewhat higher after fourteen days 
of clofibrate, but these differences are not stat- 
PSticabkvy signi Licantwau, any alo mInuees Ameer valy. 
Serum insulin levels are also considerably lower 
them during Oral glucose challenge, probably asia 
resubtooc the back of Yout) tactor stimulation or 


insulin release. 


BReeeracuy Acid Levels Before and After Clofibrate 
AdmMinistracion tor Fourteen Days 


Table 22 and 14 show the free fatty acid levels 
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TABLE 21 
EFFECT OF FOURTEEN DAYS OF CLOFIBRATE ADMINISTRATION ON 
PLASMA GLUCOSE AND SERUM INSULIN LEVELS DURING 


INTRAVENOUS INFUSION OF GLUCOSE 


Plasma Glucose Serum Insulin 


mg/100 ml e mu/m1 
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PLASMA GLUCOSE mg/100 ml, 


1 5 @—e PRE-CLOFIBRATE 
eo-r-rnr ~® 
o————* POST-CLOFIBRATE 


Ab 0 15 30 45 60 75 90 
TIME (MIN. ) 


Eigure 12: sbi teconor  ClOLIbr ate sone intravenous (Glucose 


Administration 
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Buggre lo: EL tece on CloLibralte son serum Insulin Levels 


During Intravenous Glucose Infusion 
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TABLE 22 
EFFECT OF FOURTEEN DAYS OF CLOFIBRATE ADMINISTRATION ON 
FREE FATTY ACID LEVELS DURING INTRAVENOUS INFUSION 
OF GLUCOSE 
Free Fatty Acids 
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obtained at day zero and fourteen during the inf- 
usion of glucose intravenously at a rate of 500 ml1/ 
minute for 60 minutes. Free fatty acid levels 

were higher at each 15 minute interval except -15 
minutes, fourteen days after the initiation of 

drug therapy. These differences, however, are not 


statistically significant. 


Serum Triglycerides, Cholesterol and Lipoproteins 
After. Fourteen Days of Clofibrate Administration 


As essentially the same group of normal subjects 
was involved in the second study, it was decided 
to examine the effect of fourteen day clofibrate 
administration on serum triglycerides, cholesterol 
and lipoproteins. In Table 23 is shown a description 
of the subjects taking part in the fourteen day 
study. The data includes the age, serum triglyc= 
eride and cholesterol values and lipoprotein find- 
ings before and after clofibrate administration. 
a) Serum Triglycerides 
As seen in Table 24, the mean value for serum 
triglycerides prior to clofibrate administration 
was 224 mg/100 ml, and this fell to 146 mg/ 


LOO ml at the completion of fourteen days of 
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TABLE 23 
[HE EPFECT OF FOURTEEN DAYS OF CLOFIBRATE 


ON THE SERUM LIPIDS OF NORMAL SUBJECTS 


Cholesterol 
(mg/100 m1) 
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TABLE 24 
AVERAGE EFFECT OF FOURTEEN DAYS OF CLOFIBRATE ON 
ee 


THE SERUM TRIGLYCERIDES OF NORMAL SUBJECTS 


Range Mean Mean Decrease 
(mg/100 m1) (mg/100 m1) (mg/100 ml) 


TABLE 25 
AVERAGE EFFECT OF FOURTEEN DAYS OF CLOFIBRATE ON 


THE SERUM CHOLESTEROL OF NORMAL SUBJECTS 


Range Mean Mean Decrease 
(mg/100 ml) (mg/100 m1) (mg/100 m1) 


b) 


c) 
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therapy. This was a mean decrease of 78 mg/ 
100 mi (25%), but was not statistically signif— 
icant (p@0.3) again due to the presence of 
A.M. in the group. However, this fourteen day 
study did reveal that the drug will reduce 
levels of serum triglycerides in individual 
Patients inva short period of tame. 

serum Cholesterol 

The mean changes in serum cholesterol are 

given in Table 25. The mean value for choles- 
terol “prior to clofibrate administration was 
68 mg/100 mix Numexic@allyy, this fell to 157 mg/ 
100 ml after 14 days with a mean decrease of 

tt mg/ Loo mi (7%) Ehat 1s noth statistically 
Siqniracanta. 

Serum Lipoproteins 

By paper electrophoresis, 4/8 subjects had norm- 
al electrophoretic strips prior to drug admin- 
istration (Table 26). Four of eight showed 
elevations of pre-beta lipoprotein, one man 
(A.M) to a marked degree: At the end of 14 
days, the 4/8 with normal strips before the 


drug showed no change. The 4/8 who demonstrated 
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TABLE 26 


THE EFFECTS OF FOURTEEN DAYS OF CLOFIBRATE ON 


THE SERUM LIPOPROTEINS OF NORMAL SUBJECTS 


Qualitative Paper 
Lipoprotein 
Evaluation 


slight 
elevation 
pre-beta 


|slight 
elevation 
pre-beta 


marked 
elevation 
pre-beta 


moderate 
elevation 
pre-beta 


moderate 


elevation 
pre-beta 


— 


slight 


elevation 
pre-beta 


Qualitative Agarose 
Lipoprotein 
Evaluation 


moderate 
elevation 
pre-beta 


moderate 


elevation 
pre-beta 


very 
marked 
elevation 
pre-beta 


marked 
elevation 
pre-beta 


reduced 
pre-beta 


reduced 
pre-beta 


reduced 
pre-beta 


moderate 
elevation 
pre-beta 


reduced 
pre-beta 


d) 
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elevated pre-beta lipoproteins showed qual- 
itative reductions of the pre-beta fraction 
arte wec lor torotor 

By agarose-gel electrophoresis, 4/8 showed 
normal electropherograms prior to drug administ-— 
ration (Table 26). Four of eight) showed ‘eley— 
ated pre-beta lipoprotein, one man (A.M.) to a 
marked degree. Following therapy, 7/8 showed 
normal or reduced amounts of pre-beta lLipoprot- 
ein, while 1/8 (A.M.) showed qualitatively 
reduced amounts of pre-beta lipoprotein in 
comparison to his previous strip. 

Changes in Lipoprotein Fractions as Revealed 
by Densitometric Scanning of Agarose-Gel 
Electropherograms 

Table 27 shows the changes in relative percent- 
ages of the subjects” Jipoprotein fractzons 

fol lowing 14 days of clofibrate ingestion. 

The range, mean and mean change (increase or 
decrease) of the relative percentages of the 
lipoprotein fractions is shown in Tables 28, 

29 and 30. 


The mean value of pre-beta lipoprotein on day 
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TABLE 27 
BFFECT OF FOURTEEN DAYS OF CLOFIBRATE ON SERUM LIPOPROTEIN 
FRACTIONS AS SEPARATED BY AGAROSE GEL 


ELECTROPHORESIS AND QUANTITATED BY DENSITOMETRIC SCANNING 


RELATIVE PERCENTAGE OF LIPOPROTEIN FRACTION 
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TABLE 28 
CHANGES IN THE RATIO OF PRE-BETA TO OTHER LIPOPROTEIN 


FRACTIONS AFTER FOURTEEN DAYS OF CLOFIBRATE 


Range of % Mean of % Decrease of Mean 


LABLEZY 


CHANGESSIN (THE RATIOVOR BETA TO OTHER GLPOPROTELN 


FRACTIONS APTER FOURTEEN DAYS OF CLOPIBRATE 


Range of % Mean of % Increase of Mean 
oe tone 
Beta Present Beta Present Beta Present 


TABLE 30 
CHANGES IN THE RATIO OF ALPHA TO OTHER LIPOPROTEIN 


FRACTIONS AFTER FOURTEEN DAYS OF CLOFIBRATE 
Mean of % 


Increase of Mean 
% OL 
Alpha Present 


Range of % 


Alpha Present Alpha Present 
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zero (32%) was higher than at day fourteen 


(21%), but the difference is not significant 


(GK SG) Gee DW. 


The mean value of beta lipoprotein on day 


zero (51%) was 
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DISCUSSION 


THE EFFECT OF A SEVEN DAY HIGH CARBOHYDRATE DIET ON 


SERUM LIPIDS IN NORMAL SUBJECTS AND PATIENTS WITH 


CORONARY ARTERY DISEASE 

At the present time, the spectrum of investigative 
procedures in patients with premature coronary artery 
disease includes relatively unsophisticated screening 
methods for lipid and carbohydrate abnormalities 
combined with angiographic and catheterization studies 
evaluating cardiac metabolism. Although useful, these 
investigations fall short in revealing subtle underlying 
metabolic defects which may contribute to the progress- 
LOM NOL the disease. Also, the recognition of such 
abnormalities has required prolonged periods of hospit- 
alization with investigations carried out under precise 
steady-state conditions. Because of the overwhelming 
magnitude of this disease in the general population, 
SYchHe Studies are NOt practical on a larce scale ys elhus, 
it was felt worthwhile to attempt to shorten and simp- 
lify these investigations so as to make them feasible 
for the general hospital setting. The approach used 
was as follows: lipoprotein measurements combined with 
a seven day period of high carbohydrate feeding were 


performed on patients with premature coronary artery 
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disease and a control group. Although the number of 
Patlentsein this study is relatively small and subject 
tO pre=selection on the basis of symptomatic coronary 
artery disease, the findings obtained from the study 
are illuminating and informative. 

Initially, it was noted that the serum triglyceride 
levels of the patients with coronary artery disease 
were significantly higher than those of the control 
group. It was also noted, that elevation of the triglyc- 
eride fraction occurred more frequently than solitary 
elevation of serum cholesterol. These findings tend 

tO support those of ee ae Saeco who found 
that triglyceride elevations were noted more consist- 
ently than cholesterol elevations in patients with 
coronary artery disease under the age of 50. However, 
more significantly, the patient group showed a much 
greater increase in serum triglyceride values than did 
the controls after high carbohydrate feeding. Also, by 
adopting the proposition that marked elevation of the 
pre-beta lipoprotein after 7 days of high carbohydrate 
feeding reflects abnormal carbohydrate-inducibility, 

14 of the 21 patients (66%) demonstrated the phenomenon. 
Endogenous hypertriglyceridemia has been shown to be a 
variable characteristic that can be produced in most 


individuals by high carbohydrate feeding. The mechan- 
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isms responsible for this occurrence are incompletely 
understood and the discrimination of normal and abnorm- 
al responses remains an area of uncertainty. Lees and 


32 
Fredrickson 


, have suggested that an increase in serum 
triglycerides of 400 mg/100 ml in seven to ten days 

on a diet containing 7 gm/kg/day of carbohydrate should 
be considered an abnormal response. In the work pres- 
ented here, there 1s good evidence to suggest that an 
increase in serum triglycerides of 100 - 150 mg/100 ml 

in seven days reflects an abnormal response. 

Although serum cholesterol levels prior to carbohydrate 
challenge were significantly higher in the patient group; 
mean levels were within the accepted limits of normal 

for the age range of the patient population. Following 
the diet; serum cholesterol fell in both groups, but to 
a greater degree in the patient group. This may be 
explained by the higher mean cholesterol level in the 
patient group before the diet was initiated. 

The changes noted in serum triglycerides during the 
dietary period correlated well with the changes observed 
by lipoprotein electrophoresis. It was noted that although 
about one-half of the patient group of 21 had normal 


electropherograms prior to the dietary study, only five 
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remained normal at the completion of the dietary 
challenge. Thus, the diet appeared to uncover latent 
carbohydrate inducibility in about one-half of the 
patients that were normal prior to the initiation of 

the diet. it was also noted, that the degree of elev— 
ation of triglycerides appeared to correlate well with 
the changes noted qualitatively on lipoprotein electro- 
phoresis, particularly when the lipoproteins were sep- 
arated on agarose. 

Densitometric scanning of the lipoprotein fractions by 
agarose-gel electrophoresis revealed much lower relative 
amounts of pre-beta lipoprotein in the control group than 
in the patient group prior to the period of dietary 
challenge. This is a logical finding when it is recalled 
that the control group had much lower baseline triglyc- 
eride values. Following 7 days of high carbohydrate 
feeding, the relative amount of pre-beta lipoprotein in 
both normal subjects and patients increased significant- 
ly. The patient group had a larger increase numerically, 
bus this was not statistically signiticanty.s Theres were 
no significant changes in the relative amounts of beta 
lipoprotein in either group following a high carbohydrate 


diet. The relative percentage differences of alpha 
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lipoprotein between the control and patient group is 
not readily explainable but may suggest that the higher 
levels noted in the control group is due to a relative- 
ly lower amount of pre-beta lipoprotein PLSsene, oOorm 
before and after the dietary period. 

Abnormalities of glucose tolerance in the patient pop- 
ulation are somewhat less frequent than have been repor- 
ted in ether studies of this) nature. This 1s perhaps 
due to the relatively more rigid criteria established 
for glucose intolerance in this study. In the patient 
group, only 19% demonstrated abnormalities of glucose 
tolerance as expressed by the glucose tolerance index. 
This method of expression is felt to be the best single 
expression of the peak and duration of the glucose 
Polerance Icunve:. 

Although not physiological by present dietary standards. 
this seven day period of high carbohydrate feeding is 
analogous to other forms of stress employed to elicit 
latent metabolic abnormalities and may be compared to 
the cortisone glucose tolerance test. It is felt that 
this method of study must form part of the routine 
investigation of young patients with coronary artery 


disease. It has bewme abundantly clear that many 
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patients, some included in this study, have normal or 
only slightly elevated levels of serum triglycerides, 
but when exposed to high carbohydrate feeding will 
respond to an abnormal degree. The importance of eluc- 
idating this phenomenon lies in the long term management 
of such patients. Formerly, with the empirical reduction 
©£ cholesterol intake following myocardial imfarction 

or acute coronary insufficiency, the amount of carbohyd- 
rate in the diet is necessarily increased to maintain 
adequate caloric intake. Increasing the amount of diet- 
ary carbohydrate in an individual susceptible to carbo- 
hydrate induction will only serve to perpetuate and 
perhaps hasten the development of progressive vascular 
disease. It becomes clear that individuals with this 
propensity should be managed with diets low in carbo- 
hydrates, It is) interesting to speculate “on the signit— 
icance of the triglyceride response in two of the subjects 
imethe control group (H.oa and R.B.)) who showed a 
marked triglyceride increase when placed on the diet. 
Both subjects had normal triglyceride levels intially. 
Because of the prevalence of carbohydrate-inducibility 
in young patients with coronary artery disease, it may 


be that this characteristic is an indicator at an early 
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age of a tendency to develop ischemic heart disease 
prematurely. Thus, it would be of interest to follow 
such individuals in future years for the development 
Of Coronary artery disease. 

The diet has proven to be effective, palatable, and 
easy to prepare and administer to patients. Because 
of its liquid nature, it lends itself well for use on 


an outpatient basis. 


THE EFFECTS OF CLOFIBRATE ON NORMAL SUBJECTS 


There aré many reports of the effect of clofibrate on 
patients with hyperlipidemia. However, there has not 
been a study done of the effect on serum lipids and 
lipoproteins in apparently healthy subjects. 

This work has shown that clofibrate administered for 

30 days will numerically reduce serum triglycerides 

and cholesterol in normal males. However, the degree 

of reduction does not appear to be statistically signif- 
teant. This is ian part explained by the small numbers 
in the group studied, as well as the inclusion of the 
data from A.M., who in retrospect had previously un- 
recognized and severe hyperpre-beta lipoproteinemia 
with a serum triglyceride level of 770 mg/100 ml prior 
to the administration of clofibrate. Exclusion of this 
man from the groups results in a reduction by elotibrate 


of the mean triglycerides for the group that is statis- 
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tically significant (p< 0.05). Serum cholesterol 
levels, while reduced, did not change siqnrficantly. 
This would be expected for two reasons; the fact that 
clofibrate has a less consistent effect on beta lipo- 
proteins and that serum cholesterol was near the lower 
limits of normal before the drug was administered. 

This study also demonstrated the superiority of agarose 
gel electrophoresis in evaluating subtle changes in 

the pre-beta fraction of subjects before and after drug 
administration. The relative reduction or absence of 
pre-beta lipoproteins on agarose-gel following clofibrate 
could not be appreciated by paper electrophoresis. This 
would indicate that in studies involving the evaluation 
of subtle changes in pre-beta lipoproteins, the agarose- 
gel method is an important technical advance and the 
method of choice for studying the pre-beta fraction by 
electrophoresis. 

Mie relative percentage changes of the pre-beta, beta 
and alpha fractions as quantitated by densitometric 
scanning are substantial numerically, particularly for 
the pre-beta fraction but not statistically siguitiecant. 
The principle effect of clofibrate is to reduce levels 


of VLDL. Because of the relationship of this fraction 
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to carbohydrate metabolism and insulin, it was decided 
to compare serum insulin levels following glucose 
administration, before and during administration of 
Che drug. 

Plasma glucose levels following the administration of 
LOO gm of glucose orally in) the fasting state after 
clofibrate administration, were higher than those 
obtained prior to drug therapy. These findings were 
consistent at each twenty minute interval for two 
hours™buUt were Hot statisticallvesigniticantsy thie 
is, in part, due to the wide variation of individual 
values between the subjects tested leading to a rather 
large standard deviation at each twenty minute interval. 
Serum insulin levels of the patients on clofibrate, 
following the administration of glucose orally were 
lower at 20 and 40 minutes and higher at 60 and 80 
minutes when compared to the values obtained prior to 
drug vedministracion: 

From the results above, it was considered that the 
administration of clofibrate might produce subtle 
changes in carbohydrate metabolism. It was felt that 
the study should be repeated, but using intravenous 
glucose challenge to remove the Variation in the 


absorption of glucose orally and overcome the effects 
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13 
Of Jqut factors” which affect serum insulin release. 


Once again, the drug, when administered for fourteen 
days produced a numerical reduction in serum triglyc- 
erides and cholesterol levels. The results of densito- 
metric scanning of the lipoprotein fractions by agarose- 
gel electrophoresis were similar to the previous oral 
glucose study. Plasma glucose levels during the 
infusion tended to be lower after administration of the 
drug than before, but the ditfterences are not statist— 
ically significant. Plasma FFA values, during the 
intravenous glucose infusion were numerically higher 
after clofibrate administration tending to contradict 
statements that the drug lowers FFA in the plasma. 

This study has thus shown that clofibrate will lower 
serum triglyceride and serum cholesterol levels (the 
latter to a lesser degree) in normal male subjects. 

It has also been useful in emphasizing the advantages 
of agarose-gel electrophoresis in evaluating changes 

in pre-beta lipoproteins. Finally, it must be stated 
that within the limits of the study, clofibrate has 

no statistically demonstrable effects on plasma gluc- 


ose and serum insulin levels following oral and intra- 


venous glucose challenge. 
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SUMMARY 
DITTARY ss luDpY 
The purpose of this study was to assess a Group or 
young males with well-documented coronary artery 
disease for abnormalities in serum lipoproteins 
(ber etcularly=the ViiDn)> carbohydrate intolerance 
and inducibility of endogenous hypertriglyceridemia 
by carbohydrate feeding. A seven day period of high 
carbohydrate diet was assessed for its adequacy to detect 
this latter abnormality. 
Accordingly, twenty-one males under 50 years of age 
with coronary disease were compared with 9 control 
subjects under 30 years of age with regard to serum 
lipid levels, serum lipoproteins ( studied by paper and 
agarose-gel electrophoresis ) and lipid response to a 
seven day period of high carbohydrate feeding. The 
results of this study may be summarized as follows: 

1), As @ group, the serum triglycerides were sig— 
Miticantly higher an the patients Cham ime che 
controls even before the carbohydrate challenge. 
The increase of serum triglycerides in the 


patient group was also much greater than Lh the 


eontrol group. 
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Solitary elevation of serum cholesterol was 

an uncommon finding in the patient group 
suggesting that in the age group under consid- 
eration, triglycerides are a better indicator 
of risk for the development of coronary artery 
disease. 

A large proportion Gk the patients (66%), 
demonstrated carbohydrate inducibility follow- 
ing high carbohydrate feeding confirming the 
frequency of this phenomenon in young patients 
with coronary artery disease. 

A period of seven days of high carbohydrate 
feeding is adequate to demonstrate latent 
Garbohydrate inducibility and 1s practical for 
use in a large active treatment hospital and 
should form part of the investigation of young 
patients with coronary artery disease. 

The diet, when prepared in liquid form can be 
successfully administered on an outpatient 
basis, thus overcoming the need for complicated 
dietary preparation. 
The phenomenon of carbohydrate inducibility may 


be present long before overt coronary artery 
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disease is manifest. 
CLOFIBRATE STUDY 
A second aspect of this research was to evaluate the 
effect of clofibrate on the serum lipids and lipoprot- 
eins of normal males. In addition to evaluating lipid 
responses, the possible effect of the drug on serum 
insulin, glucose tolerance and serum FFA was studied 
following oral and intravenous glucose administration 
before and after clofibrate therapy. The results of 
this study may be summarized as follows: 

1) The drug will lower both serum triglyceride 
and cholesterol levels in normal males. The 
greatest reductions appear to be in those 
subjects with the higher baseline values. 

2)  Clofibrate decreases the relative amount of 
pre-beta lipoprotein present in normal indiv- 
iduals. 

3) Noes Lone cant rettect Of thesdrug can be noved 
on glucose tolerance, serum insulin and serum 
free fatty acid levels following 30 days of 
elofibrate administracron. 

4) Agarose-gel electrophoresis is the method of 


choice for studying subtle changes in the VLDL 


y : | * 
Pay) Be. ¥ 
nl 7 
7 —— Pers 
i 4 cal a} i. J i 


hs @harisey C/ cmp Utero wists i on 
seacnahs fen SRIGEL x@raeo ol fe: peor 
' oaldonieve o@ obsa leew a2. eaten eeante a 3 
ctiate no woth abs Se rides ultienog nigh shoknogaas 
hha pee 40 anes One exieor lod sugririg rik Lam 
Lotieccpininie scorud> exdnevategt Mae: Tesg yeieciion 
o ellvers eft .yQened? orerigeln seife Bae orded if 
swollel eo Seetvanmee aa yom ghove pine : 

2 doves déot tewol Cie gus) am 

wi! igi Demet ne tfeces iuyadseterte Dew, | | 


pote! 1. «4 Of Seep PIS olbey Faqreesg: 


— 


, ne 


astev entiédal’ gatas os! daiv ‘mostdue 
is sheten rviin ie ets, Bpengrnet ata rah 2orD {s 
-vitat ferro bf), Seg siosgomr! gtedqaeg 
alah 
don 2 oes goede at: Ve susthe seesstShomghs OWE. 
sites Bee Le hdl hese ety a phenllipt 
20 — bk nee neal | 


“ 
2 7 


-132- 


by electrophoretic techniques. 


-133- 
APPENDIX 
STATISTICAL ANALYSIS 
A. Dietary Studies 
The differences in serum lipids between the control 


and patient groups due to diet were analyzed UEDA Ing. 


74 
the unpaired t-test. 


Z 
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1 size of sample 1 
No = size of sample 2 
Degredcs Of freedom —sNiat. Noe 
Bee ClOLibrate: ocudy 
The effects of clofibrate on any given parameter ( serum 
lipids, lipoprotein fractions, serum insulin and serum 


74 
FOPeA,*s ) were analyzed utilizing the paired t-test. 


Degrees of freedom = N - l 
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